
AD-A35676 00 SEEEEN ACLVECONRO O SPC STRUCTURES /
JE T B6ROOKS ET A L dUL N3 SDL N R 598 _DOLVLUM 2(U) CHAR E S TARK DRA PER AR NC CAMBRIDGE MA

UNC ASSI F D ADC -TR-83 158-VOL-2 F30602-81-C-0180 F/G 22/1 NLN7 NEENNEINE
EEIII~iIIIIII
EIIIEEEEEEEEEE
EIIIIIIIIIIIIu
IEIIIEEEEIIEI
IIEIIIIIIEIIEE
EIIIIIIIIIhEEE



till 1. U2

'lii- l Il 332

NAIIONAL BUINAU OF SIANDAR S 143* A



IT-





p

ACOSS ELEVEN (ACTIVE CONTROL OF SPACE STRUCTURES)

Thomas H. Brooks
David Anding

Contractor: The Charles Stark Draper Laboratory, Inc.

Contract Number: F30602-81-C-0180
Effective Date of Contract: 27 April 1981
Contract Expiration Date: 27 April 1984
Short Title of Work: ACOSS Eleven (Active Control of

Space Structures)
Program Code Number: IE20
Period of Work Covered: Jun 82 - Nov 82

Principal Investigator: Dr. Keto Soosaar
(617) 258-2575

Project Engineer: Richard Carman
(315) 330-3148

Approved for public release; distribution unlimited

This research was supported by the Defense Advanced
Research Projects Agency of the Department of
Defense and was monitored by Richard Carman (OCSE),
Griffiss AFB NY 13441 under Contract F30602-81-C-0180

i ' , - C-, -s

List

' '~ J I
&\ IS

I - _ ___1_



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Wlhen 0...8011.0d),

REPORT ~~ ~ ~ EA DOUETAINPGEN^STRUCTIONS
RPBEFORE-COMPLETING FORM1 m.OR* NUM.*rs z. oovr ACCCCi8O010I RECIPIEtNT'S CATALOG NUMBER

RADC-TR-83-158, Vol II (of two) Z r
4. TITLE (and $ubldsl) S. TYPE Of REPORT 6 PERIOD COVERED

ACOS ELEEN ACTIE CNTRO OFInterim Report
SACSEE N STR CTE JOTO Oun 82 - Nov 82

SPAC STRCTURS) . PERFORMING O'%G. REPORT NUMBER
CSDL-R-1598

1. AUTOR(s) S. CONTRACT OR GRANT NUMSER(s)

Thomas H. Brooks
David Anding F30602-81-C-0180

LPERORMIYG ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT. PROJECT. TASK
the gar es Stark Draper Laboratory, Inc. AREA & WORK UNIT NUMBERS

555 Technology Square 62301E
Cambridge MA 02139 C6550104

,,. CONTROLLING OFFICE NAME AND AooRESS 12. REPf;RATE
Defense Advanced Research Projects Agency July

1400 Wilson Blvd Is. NUMBER OF PAGES
Arlington VA 22209 154
14. MONITORING AGENCY NAME'& AOORESS(if different from Controllini Olflce) 15. SECURITY CLASS. (of this twa()

Rome Air Development Center (OCSE) UNCLASSIFIED
Griffiss AFB NY 13441 s. OECLASSIFICATION/OOWNGRADING

N/A SCHEoULE

II. OISTRISUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

I?. DISTRIBUTION STATEMENT (of hie abtracIt eItred In Slock 20, It different tro Re"ouf)

Same

ISI. SUPPLEMENTARY NOTES

RADC Project Engineer: Richard Carman (OCSE)

It. KEY WORDS (Continue on revere side If necessary and Identlf by block member)

Simulated Terrestrial Scenes Draper Integrated Simulations
Generic Scene Simulation Defense Mapping Agency Data
Genessis

20. ABSTRACT (Cntfu O reWvfferse old. i necessary amd Identify by block nomA..)

In analysis and simulation of Space-based Surveillance System Performance,
key variable is the scene/sensor interaction, under subcontract to CSDL,

Photon Research Associates has developed a software package capable of
generating and manipulating terrestrial scene data sets as a function of

major surveillance system and mission parameters. This report documents
the details of this simulation, called Genessis, which has now been
incorporated into the Draper Integrated Simulations. I

AN 71UNCLASSE
SECURTY CLASSIFICATION O1 THIS PAGE[ (sire b. at

Mom



ACKNOWLEDGMENT

This report was prepared by The Charles Stark Draper Laboratory, Inc.,
under Contract F30602-81-C-0183 and documents progress for the reporting
period of June 1982 through November 1982 on the Simulation Extensions
Project.

The Program Manager at CSDL is Dr. Keto Soosaar, and the Project Engineer
is Mr. Thomas Brooks.

This report is based upon work performed by Photon Research Associates
(PRA) under subcontract to CSDL. The Program Manager at PRA was Mr. David
Anding.

Publication of this report does not constitute approval by the Defense
Advanced Research Projects Agency or the United States Government of the
findings or conclusions contained herein. It is published for the exchange
and stimulation of ideas.

.. . .I



TABLE OF CONTENTS

Section Page

1.0 INTRODUCTION...............................I

2.0 CODE ARCHITECTURE ......................... 2

2.1 Modules............................2
2.2 Module Interaction......................3
2.3 User Inputs/Control......................3
2.4 Scene Data Base Inputs. ................... 6

3.0 MODULE DESCRIPTION..........................7

3.1 Atmospheric Module........................7
3.2 Geometry...........................12
3.3 Heat Transfer.......................17
3.4 Radiance Module......................20

3.4.1 Reflected Solar. .................. 20
3.4.2 Thermal Emission .................. 26

3.4.3 Reflected Skyshine ................. 26

3.4.4 Path Radiance ......................... 26

3.5 Imaging...........................32
3.6 Code Structure Diagrams .................. 32

4.0 SCENE DATA BASES........................40

4.1 overview.............................40
4.2 File Structure ....................... 40

5.0 SOFTWARE LIMITATIONS, MODEL CONSTRAINTS AND PRECAUTIONS . . . . 4

6.0 USER SPECIFIED INPUTS ...................... 42

6.1 Atmospheric Module ....................... 42
6.2 Geometric Module ...................... 45

6.3 Radiance Module......................46

APPENDIX 1 - Solar Ephemeris Module User Manual. ........ 1-1

APPENDIX 2 - GENESSIS Heat Transfer and Reflectance
Data Bases ..................... 2-1

APPENDIX 3 - Test Cases......................3-1

ift



LIST OF TABLES

Table Page

1 Sea Level Air Temperature Data for Brooks
Range Scene .. ................ ........ 24

2 Sea Level Air Temperature Data for Arctic
Tundra Scene. .. ................. ...... 24

3 Sea Level Air Temperature Data for Central
Europe Scene. .. ................. ...... 25

4 Sea Level Air Temperature Data for Middle
East and California Coast Scenes .. .... .......... 25

5 Spectral Reflectance of Terrestrial Materials W%).. .... ... 31

iv



LIST OF FIGURES

Figure Page

1 GENESSIS Architecture ........... .................... 4

2 Overall Input/output File Interaction ...... ............ 5

3 Atmospheric Module ........... ..................... 8

4 Apparent Reflected Solar Radiance Versus Altitude ... ...... 9

5 Skyshine Apparent Radiance Versus Altitude .... ......... 10

6 Path Radiance Versus Altitude (Km) ... ............. 11

7 Path Transmission Versus Altitude .... .............. . 11

8 Schematic Demonstration of Geometric Module Procedure. . . 13

9 Example of Hidden Line Masking Technique Used to Determine
Visibility of Radiance Grid Point (I,J) ......... . 13

10 Example of Hidden Line Masking Technique Used to Determine
Shadowing of Point (I,J) Scene Sliced for Sun ..... . 14

11 Geometric Module ........ ...................... 15

12 Surface Temperature Heat Balance Model .. ........... . 17

13 Tropical Model Atmosphere Lapse Rate ... ............ . 21

14 Midlatitude Summer Model Atmosphere Lapse Rate ........ . 21

15 Midlatitude Winter Model Atmosphere Lapse Rate ........ . 22

16 Subarctic Summer Model Atmosphere Lapse Rate ......... . 22

17 Subarctic Winter Model Atmosphere Lapse Rate ......... . 23

18 U.S. Standard 76 Model Atmosphere Lapse Rate ......... . 23

19 Radiance Module ......... ....................... . 28

20 Solar Irradiance Versus Air Mass for Standard Atmosphere
Computed at 20 cm-1 Resolution .... ............. .. 29

21 Pressure Compensated Idso-Jackson Total Diffuse Sky
Irradiance Versus Altitude for U.S. Standard

Atmosphere ......... ....................... . 30

22 Image Module ......... ........................ 33

V



LIST OF FIGURES, Continued

Figure Page

23 Geometric Module Structure Diagram ................... 34

24 Radiance Module Structure Diagram ... .............. ... 37

25 Atmospheric Module Structure Diagram ... ............ . 39

26 Atmospheric Aerosol Models Used by the Atmospheric Module. 44

vi



1.0 INTRODUCTION

In support of the Draper Integrated Simulations, Photon Research Associ-
ates has developed a computer code capable of generating and manipulating
terrestrial scenes as a function of major surveillance system and mission
parameters. This code (called GENESSIS) has the capability to interface with
the Defense Mapping Agency (DMA) data base of terrestrial scenes as the
source of scene input data. Consequently, the code is able to simulate any
scene for which DMA data exists.

Because of the desirability to have a functioning code as soon as pos-
sible, the code is being developed in two phases (each phase spanning approx-
imately one calendar year). The first phase has provided a functional syn-
thetic scene simulation computer code, although this first-phase code has
some limitations. In particular, some of the higher-order phenomena con-
trolling scene radiance (e.g., cloud shadowing) have been neglected, some of
the phenomenological treatments utilize simplifying approximations, and the
input data base is limited to five terrestrial scenes and two cloud repre-
sentations. The plan is to eliminate these restrictions during subse-
quent phases.

This report presents the status of the GENESSIS code at the end of the
first phase effort and presents instructions for its use. Code architec-
ture, I/0 functions, user operational procedures, and test case outputs are
each presented and discussed.



2.0 CODE ARCHITECTURE

The GENESSIS scene simulation is based upon a point-by-point algorithm,
a single cycle of which consists of collecting (and in some instances, com-

puting) inputs specific to a single point on the scene, calculating the appar-
ent radiance of that point from the collected inputs, and finally weighting
and assigning the calculated radiance to the appropriate pixel in the obser-

ver's field of view. If the density of points is large enough, the scene will

be properly sampled and the radiances computed by repeated point calculations

can be combined to produce an accurate pixel radiance map of the scene. The

parameters of these radiance grid points are computed from the three-dimen-

sional scene itself.

Scene data consists of discrete altitude, material type paiy specified
at regular intervals on a planar rectangular grid. Continuous s aces are

produced from the discrete scene data using a bi-cubic spline fj ng tech-

nique. Point data can be computed from these surfaces at any de .J spatial
resolution.

The computed apparent radiances consist of four terms comb. -. iditive-
ly. These are reflected solar, thermal emission, reflected skys ..a and path

radiance. The respective calculational procedures are discussed in Section

3.4. Each major calculational operation is performed with a separate soft-
ware module. The atmospheric, geometric and radiance modules have stand-alone

capabilities, but are normally executed in sequence to produce a final result.

The simulations' primary output is an N x M viewer-perspective pixel

apparent radiance map. Diagnostic output is also available to check proper
code execution.

2.1 Modules

The GENESSIS code is comprised of six (6) modules (subroutine packages)

each with a single specific task. These are geometric, atmospheric, heat

transfer, radiance, image and ephemeris. These are combined into three major

modules each with stand-alone capabilities. Modular stand-alone capabilities

allow flexibility of operation while maintaining a simplicity of structure,

user interaction and memory requirements.

The geometric module performs shadowing and the viewer perspective pro-

jection of the scene. Its output is required by the radiance module.

The atmospheric module supplies atmospheric parameters required by the

radiance module. It is run least often since its output covers a wide range

of solar and observer geometries.

The radiance module produces a viewer perspective pixel apparent scene

radiance map from information supplied by the atmospheric and geometric

modules. It calls upon the heat transfer and image modules to produce,

2



respectively, surface temperatures and viewer image. The heat transfer module
currently does not have a stand-alone capability. Both the geometric and
radiance modules utilize the ephemeris module.

With the exception of the ephemeris module, these packages are discussed
in detail in Sections 3.1-3.5. The ephemeris module computes the altitude-
azimuth position of the sun for any specific time, date and observer location.
A published user's manual exists for this package.* See Appendix 1 for ex-
cerpts of this manual.

2.2 Module Interaction

A flow diagram of the GENESSIS architecture is given in Figure 1 which
details module interaction and hierarchy. Although the ephemeris, heat trans-
fer and image modules have stand-alone capabilities, they currently require
interaction with other major modules. Plans exist to investigate increases
in efficiency and flexibility potentially available by separating these mod-
ules. This will be done during Phase II of the contract. Figure 2 details
the I/O-module interaction. In this figure GENESSIS is shown as having three
major components.

2.3 User Inputs/Control

User inputs are categorized according to purpose. These are geometric,
sensor and atmospheric. The elements of these are:

A. Geometric Inputs

1. The date and time of the simulation, used to compute the
position of the sun,

2. The latitude and longitude of the viewer subsatellite point,

3. The observer altitude in kilometers.

B. Sensor Inputs

1. The vertical and horizontal angular field of view,

2. Focal plane rotation in degrees,

3. The vertical and horizontal spatial resolution in meters.

C. Atmospheric Inputs

1. Atmospheric model (six LOWTRAN standarl atmospheres),

2. Aerosol model,

3. Haze model,

4. Visibility in kilometers.

Solar Ephemeris Algorithm, W. Wilson. Visibility Laboratory, Scripps
Institution of Oceanography, UCSD. SIO Ref. 80-13, July 1980, La Jolla, CA.
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See Section 6 for a detailed discussion of the user specified inputs.

2.4 Scene Data Base Inputs

Scene data inputs consist of the altitude, material type pairs plus
thermal, atmospheric and reflectance data. The elements of these inputs are:

1. Material thermal properties (solar absorptance, thermal emit-
tance, thermal conductance and thermal mass) required by the

heat transfer module,

2. Material in-band diffuse reflectance,

3. Cloud in-band bi-directional reflectance,

4. Surface level atmospheric properties (temperature, wind speed
and humidity).

A detailed discussion of the scene data base is given in Section 4.

6



3.0 MODULE DESCRIPTION

3.1 Atmospheric module

The atmospheric module performs a parametric analysis of a selected
standard atmosphere which is primarily a function of spectral bandpass and
observer altitude. Four in-band parameters are computed. These are reflected
solar, reflected skyshine, path radiance and path transmission.

The reflected components are apparent values, having been attenuated
spectrally along the observer's line-of-sight path. Path transmission and
path radiance are computed for the path from the surface to the observer.
For the reflected components, the atmospheric module calculates spectrally
for the path from source to surface to observer. The spectral data are then
integrated over wavelength to produce a single in-band value for the entire
path.

In order to reduce the long-term costs associated with the computation
of atmospheric parameters, and to provide the necessary computational flexi-
bility, it is desirable to have the atmospheric parameters functionally
related to altitude. Early investigations showed that these parameters could
be represented by polynomials over the altitude range from 0 to 10 km.

Parameters are calculated parametrically for a series of zenith angles
and altitudes. At each altitude a polynomial fit versus air mass is computed
and stored for reflected solar, path transmission and path radiance. For
skyshine, polynomial fits are stored as a function of altitude only. From
this data base, polynomial fits versus altitude for each of the four atmos-
pheric parameters are produced for any given solar and observer position.

Since the reflected solar component is also a function of the solar
zenith angle, an additional series of cases and curve fits are required to
completely describe this parameter.

The coefficients of these curve fits are written to file for use by the
radiance module. This output file covers all observer and solar zenith
angles and need not be remade unless the bandpass, model atmosphere, observer
altitude or atmospheric conditions are changed. Curve fit diagnostics are
generated in order to monitor the quality of the polynomial fits.

The atmospheric module utilizes a PRA developed code which is based on
LOWTRAN that properly computes reflective or "bent path" atmospheric values.

Figure 3 is a flow diagram of the atmospheric module. Figures 4-7 illus-
trate sample atmospheric module outputs for the following conditions:

Atmosphere:. Subarctic Summer

Observer Altitude: 100 km

Observer Zenith Angle: 0 degs

7
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Sun Zenith Angle: 64 degs

Band: 7.5-12.0 m

3.2 Geometry

The geometric module supplies information regarding the visibility,
orientation and projection of scene radiance grid points. It creates a high
resolution altitude map by bi-cubic spline interpolation on a DMA data base.
For each interpolated point it provides the following information:

- Point in shadow or in sun,

- Point visible or not,

- Geometric information such as altitude, normal vector,
direction cosines to the sun and to the observer,

- Material type.

All geometric calculations are based on an earth-centered Cartesian coordinate
system.

Surfaces and normal vectors are produced from the scene data using the
bi-cubic spline fitting technique. In the event grid points are required at
a higher resolution than the scene input data, they are generated from the
spline-f it produced surfaces. The interpolation forms a bi-cubic patch for
each grid rectangle in the data base. This rectangle is evenly divided into
a sub-grid of predetermined size. The bi-cubic spline is evaluated at each
of these sub-grid points. For more detailed information, see: A. R. Forrest,
"On Coons' and Other Methods for the Representation of Curved Surfaces," com-
puter Graphics anG Image Processing (1972) 1 (pp 341-359).

The visibility and shadowing of each grid point is determined using a
hidden line masking technique. This is done by slicing the high-resolution
data base along grid-lines, so that these slices are approximately perpen-
dicular to the line of sight. A point is visible if the line of sight from
the sensor to the point does not intersect an intervening surface. The same
criterion is used for the shadowing determination. The scene is processed
twice, once for the observer and once for the sun.

Shadowing and visibility information are stored in intermediate files.
During the radiance calculation, these files are used to decide if the inter-
poiated points are visible and whether they receive solar illumination.
Points not visible to the observer are ignored. Points not seen by the sun
are in shadow and are treated accordingly by the radiance module. The hidden
line masking technique is illustrated in Figures 8-10. Projection of each
point into the observer's image plane completes the primary tasks of the geo-
metric module. The module is diagrammed in Figure 11.

12



'. - OBSERVER

SUN

Figure 8. Schematic Demonstration of Geometric Module Procedure.
Grid is the Interpolated Scene Data Base, i.e., "Radiance
Grid Points". Example is for Radiance Point (1,J) which
is Not Visible by the Observer but illuminated by the Sun

SCENE IS SLICED ALONG GRID LINES
IN ONE OF TWO DIRECTIONS. A
RADIANCE POINT IS VISIBLE IF AND OSRE
ONLY IF THERE IS A CLEAR LINE OF
SIGHT FROM THE OBSERVER TO POINT.
IN THIS EXAMPLE, THE POINT IS NOT

Fiqure 9. Example of Hidden Line Masking Technique Used to Determine
Visibility of Radiance Grid Point (I,J). Scene Sliced for
observer
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SUN

A RADIANCE POINT IS ILLUMINATED

BY THE SUN IF THERE IS A CLEAR

LINE OF SIGHT FROM THE SUN TO THE

POINT. IN THIS EXAMPLE THE POINT

IS ILLUMINATED BY THE SUN.

Figure 10. Example of Hidden Line Ma'qking Technique

Used to Determine Shadowin 9 of Point (1,1)
Scene Sliced for Sun
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3.3 Heat Transfer

Surface temperature is determined by the energy fluxes and thermal prop-

erties of the surface. The fluxes considered in the model are those resulting
from solar irradiance, sky irradiance, convection to the air, self-emitted
radiation, latent heat flux due to evaporation of surface moisture,* and the
distributed flux through the material to a substrate. The heat balance solu-

tion of the dynamic surface temperature employs two simplifying assumptions.
These are that the lateral heat f]ux at the surface is zero, and that the
distributed heat flux to the subst:ate can be calculated using n discrete
layers, the lowest of which is adjacent to a diurnally constant subsurface.

The result and physical model and its equivalent electrical circuit are given
in Figure 12.

'su n s c

0~ e Tm.
S? stre2 conv e Va

' 7
S 'stored

n  SuRFACE 
I I _

cpcndn

cond// I T

S store 12  
1 conv

FLU DE INIIO
Ca n olr lrdon? Cevap sufaeVvpoato

cod2 C 2  CODJ

nk ystoredn

tcond

c oid n Pu) r't LeluIn

J ryslii Miodel (b) EqulVdleit Electrical Circuit

F L U X D E F I N I T I O Ns u f c e v p r t o
4solar irradwnce U iefceeaprtir

sky irrdlnce :5 layer stored

ett einission $cn a ir convection

$Uh tlrate L011UC ton

Figure 12. Surface Temperature Heat Balance Model.

For GENESSIS I heat transfer due to evaporation is neglected, i.e.,

P = 0.
evap



The heat balance equation for the physical model is

4 sky)+4stred= 4) +1- +4) +4)
sun sky stored cony evap emit cond (1)

All fluxes are in units of W/m2 and all vary with time. Each of these
fluxes is expressed as follows.

The solar irradiance flux, 4) , is calculated bysun

Ds = a(s)E (h,t)cos (t) (2)sun Esun

where

OL(s) is the effective solar absorptance,

(t) is the time dependent angle between the vector to the sun
and the surface normal vector, and

E s h,t) is the time dependent total solar irradianie at the surface.

The solar irradiance at the surface is given by

E s n(h,t) = su ,i (h1)-f(Y(t)) (3)
sun1sn,:

0

where E (h) is the zenith total solar irradiance as a function of surface
SiM, ,

altitude, h, 0 and f(i t)) is a factor to correct for increasing atmospheric

attenuation with increasing time variant solar zenith angle Y (t).

The sky irradiance flux, P sky' is computed from the Idso-Jackson formula

4D a(= a 4 -.26lexp -7.77xl10 (273-T ) 21 (4)
sky a(.G a

where

is the Stephan-Boltzmann constant, 5.6687 x 10 W/m K,

a is the ambient air temperature, anda

A(L) is the effective thermal absorptance.

The convective flux to the atmosphere is computed by

co=y ,cDW(T-T (5)

where

is the ambient air density,

c is the specific heat of dry air,

j7



D is the drag coefficient, empirically determined from ground
truth data ranging from 0.002 to 0.01 depending upon the
material,

W is the wind speed factor, equal to 1+V where V is the
wind speed in m/sec, and

T is the surface temperature.

The latent heat flux is computed by

Pevap = 0.622pDWe(v-v a)/P a  (6)

where

e is the latent heat of evaporation,

v is the water vapor pressure at the surface,

V is the water vapor pressure of the air, anda

P is the atmospheric pressure.a

If Va is larger than v, De is set equal to zero.

The emitted flux is computed by

4
Demit C(L) a T (7)

where c(L) is the effective thermal emittance, set equal to a(L) in
Equation (4).

The conductance flux to the substrate is computed by

Scond = g (T-Ts)

where g is the conductance to the substrate, equal to 9 *K where . is

the depth at which the soil is diurnally constant and K is the soil con-
ductivity, and T is the substrate temperature.

s

The stored flux in the surface layer is computed by

D s C T(t+At) - T(t) /At (8)
stored o

where

£ is the layer thickness,0

C is the heat capacity of the surface material, and

18



AT is the time increment.

The solution for the surface temperature T is achieved using an inter-
active method wherein the surface temperature is initially chosen as the
ambient air temperature at midnight, and the heat balance equation is itera-
tively evaluated in time increments At (usually set equal to 30 minutes).
This iteration is continued until successive diurnal cycles match, commonly
occurring within three days.

This procedure is used to produce a data base for selected materials
within the scene. The data base consists of temperature and four indepen-
dent variables. All independent variables are varied over a sufficient
range so as to bracket all conditions that May be encountered in the scene.
These independent variables are:

1. Peak solar irradiance,

2. Air-surface convective flux,

3. Substrate-surface conductive flux, and

4. Time.

The data base is compressed using a technique by which only the j most
informative time points are retained of the i that were calculated. This
results in a significant reduction in size of the data base (i usually 48,
j/i usually 1/6) with little reduction in accuracy. The stored data base
consists of four values of solar irradiances, four values of convective flux,
three values of conductive flux and eight values of solar elevation angle
(ridiirns).

The heat transfer module contains data for 9 materials of the 14 total
materials within GENESSIS I (see Appendix 2). The 14 materials are:

GENESSIS Material Numbers Material

1* Water
2* Forest (Broadleaf)
3 Irrigated Low Vegetation
4 Scrub
5 Urban Commercial
6 Sand
7* Ice
8 Rock
9 soil

10 Grass
11* Clouds
12 Asphalt
13 Urban Residential
14* Forest (Pine)

Heat transfer calculations are not performed on materials 1, 2, 7, 11
and 14.

19



Surface temperatures for the 5 remaining materials (i.e., 1, 2, 7, 11
and 14) are set equal to the local ambient air temperature.* Ambient air
temperature varies with altitude and is computed from the user specified sea
level air temperature and the atmospheric lapse rate. The lapse rate is
approximately linear for each of the six standard model atmospheres between
0-10 km. The least-squares lapse rates used by GENESSIS I are given in
Figures 13-18.

To perform a GENESSIS execution the user must specify the local air
temperature and the subsoil temperature. Monthly mean temperatures are good
first-order approximations to the subsoil temperature. These data are given
in Tables 1-4 for each of the five generic scenes provided with GENESSIS I.

3.4 Radiance Module

The radiance module computes observer apparent pixel radiances from the
viewer-perspective shadow files created by the geometric module. If it is
visible, an apparent radiance is computed for each of the grid points gen-
erated by the geometric modules' bi-cubic spline fit to the scene data.
Pixel radiances are computed from these individually calculated grid point
radiances. The apparent radiance of a specific grid point is composed of
four terms combined additively. These include reflected solar, thermal emis-
sion, reflected skyshine and path radiance.

3.4.1 Reflected Solar

The apparent reflected solar component is

N (D o (h) cos 0
solarsoa

where

=surface in-band diffuse reflectance (bi-directional reflectance
for clouds),

4~(h) = computed fit to apparent reflected solar versus altitude (sup-
solar plied by atmospheric module),

h = surface altitude in kin, and

=local sun zenith angle (the angle between the vector to the
sun and the surface normal).

For ice, the temperature cannot exceed 00 C.
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Table 1. Sea Level Air Temperature Data for
Brooks Range Scene.

Month Temp (K) Variance

1 260.5 33.9
2 260.2 36.0
3 262.7 41.6

4 266.2 38.2
5 270.7 31.9

6 275.2 23.9
7 277.8 22.2
8 276.9 21.8
9 274.2 21.2

10 269.6 27.0
11 265.4 30.8

12 262.6 30.0

Table 2. Sea Level Air Temperature Data for
Arctic Tundra Scene.

Month Temp (K) Variance

1 258.4 54.0
2 260.5 54.9
3 268.5 39.8
4 276.4 52.3
5 283.5 46.4
6 288.9 39.6
7 292.5 28.4
8 290.1 29.8
9 284.6 38.8

10 276.2 40.0
11 268.0 48.5
12 262.8 46.4
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Table 3. Sea Level Air Temperature Data for

Central Europe Scene.

Month Temp (K) Variance

1 278.2 20.5
2 277.7 18.7
3 279.5 17.8
4 280.9 16.2
5 283.3 14.2

6 286.0 13.2
7 287.9 12.3

8 287.9 11.3
9 286.4 11.7

10 284.3 14.2
11 280.4 18.6
12 278.9 17.2

Table 4. Sea Level Air Temperature Data for
Middle East and California Coast Scenes.

Month Temp (K) Variance

1 286.6 37.1
2 287.6 39.3
3 290.3 34.7
4 293.1 38.1

5 296.8 35.6
6 298.9 33.6
7 299.7 33.4
8 299.6 33.4
9 298.0 42.5

10 295.5 39.5
11 291.7 39.2

12 287.2 37.4

25

--I*



3.4.2 Thermal Emission

The thermal emission component is given by

Nthermal = j (h) 2 N(X,Ts)dX

where

C = surface emissivity,

p = surface in-band diffuse reflectance (1-c),

T(h) = computed fit to path transmission versus altitude (supplied by
the atmospheric module),

h = surface altitude in km,

l', 2 = beginning and ending band wavelengths in jim,

N(A,T ) = Planck function, and
s

T = equilibrium surface temperature in Kelvins (supplied by the
heat transfer module).

3.4.3 Reflected Skyshine

The apparent reflected skyshine component is given by

Nsky =p . (h)
sky

where

p = surface in-band diffuse reflectance,

4 (h) = computed fit to apparent reflected skyshine versus altitude
sky (supplied by the atmospheric module), and

h = surface altitude in km.

3.4.4 Path Radiance

Path radiance is given by

Npath = (h)
path
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where

P (h) = computed fit to path radiance versus altitude (supplied by the
path atmospheric module), and

h = surface altitude in km.

The total apparent surface radiance returned by the radiance module for
a single grid point is

N(i) = N Sol(i) + N sky(i) + N emis(i) + N path(i)

where

N = total apparent grid point radiance (w/cm 2/sr),

NSO = apparent reflected solar radiance (w/cm 2 /Sr),
N = apparent reflected skyshine radiance (w/cm 2/sr),

N = aparnwrfecedsysie 2aiace(/cr/s)sky

Nemis = apparent thermal radiance (w/cm /sr), and

N = observer's path radiance (w/cm /sr) per the ith grid point.Npath

Two additional calculations are made by the radiance module. These are
the total (over all wavelengjths) solar and skyshine irradiances required by
the heat transfer module.

The total surface solar irradiance was approximated utilizing LOWTRAN
5 path transmissions computed spectrally at 20 cm-1 resolution in the 0.25 to
4.0 pm region (nearly 99% of the sun's total exoatmospheric irradiance is
emitted between 0.25 and 4.0 pm) and a blackbody the size, distance and
effective temperature of the sun. Exoatmospheric irradiance is attenuated
spectrally and integrated over wavelength to yield the total surface solar
irradiance.

Total diffuse sky irradiance is computed from a pressure compensated
Idso-Jackson formulation.

Functional relations between solar and diffuse sky irradiance and alti-
tude are computed off-line and are stored as data for each of the six stan-
dard atmospheres. The radiance module is diagrammed in Figure 19. Figures
20, 21 illustrate the functional relation between solar and diffuse sky
irradiances and altitude.

Diffuse reflectance data for 11 of the 14 materials are given in Table
5. For any user-specified spectral band an average value is calculated by
GENESSIS. Reflectance data for urban (commercial and residential) are com-
posites of asphalt, irrigated low vegetation and forest. Reflectance data
for clouds are bidirectional data and are given in Appendix 2.
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3.5 Imaging

A mean pixel radiance is computed for each pixel in the observer's image
plane from the weighted sum of grid point apparent radiances projected into

that pixel. That is,

n
_ E WiN i
N. = i=l

nEw i
i=l

where

N. = mean apparent radiance of pixel j~3

n = number of radiance points projected into pixel j

W. = weighting factor (equal cos C.),
1 1

0. = angle between surface normal and vector to sun, and
1

N. = apparent radiance of grid point, and1

th
i = denotes the individual grid points seen by the j pixel.

The geometric module supplies both surface normal and projected grid point
position in the observer's image plane. This produces an N x M viewer-per-
spective pixel apparent radiance map. The image module is diagrammed in
Figure 22.

3.6 Code Structure Diagrams

Structure diagrams for the geometric, atmospheric and radiance modules
are given in Figures 23-25. These diagrams depict the relationship between
code subroutines and their heirarchy.
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4.0 SCENE DATA BASES

4.1 Overview

There are five terrain data bases. Each was extracted from Defense
Mapping Agency (DMA) data. The five scenes are: the California coast, the
Brooks Range Mountains of Alaska, arctic tundra, Middle East, and Central
Europe. All scenes were registered with Landsat data to produce complete
representation of the ground cover for each point.

In addition to the five ground scenes, two cloud scenes are included.
These represent a low and high altitude cloud, both with a minimum altitude

of 1100 meters.

Each scene represents an area approximately forty kilometers square.
DMA data is recorded at uniform angular resolution; scenes at different lati-
tudes therefore have different spatial resolution.

4.2 File Structure

Each scene is composed of two parts: the header and the data.

Header. The header is 1024 16-bit words long. It contains the following
information about the scene: the number of columns and number of rows of data,
the scene center (in longitude and latitude), the scene center in X,Y,Z co-
ordinates, the altitude scaling factors, and the spacing in kilometers be-
tween the data points in the X and Y direction. All liloating-point informa-
Lioi, has b)COn Cunveit,() LU i i utetier repLesciitation dzid is reconstructed by
the sof twuie.

Data. The data points directly follow the header. There are (# columns)
times (# rows) data points in each scene. Each data point is a 16-bit inter-

ger (binary) value and has two parts: the lowet twelve bits represent the
altitude of that point and the upper (left) four bits represent the material
type assigned to that point. The scene is written in a row-wise format. The
first row is the northernmost row.
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5.0 SOFTWARE LIMITATIONS, MODEL CONSTRAINTS AND PRECAUTIONS

The following is a list of limitations, constraints, and precautions
which the GENESSIS user may find useful.

1. Input scenle ,iatu t e is , alleuetly limited to 'Aploximately

512 x 51- -;i d JX , t,, ,' 1se ': -In, tel 61ze restilctions.

2. Output 2-D radiant ma!' is limited to 'I2 x 512 pixels.

3. Data baste current ly limitetd to 14 matteriai types.

4. Scene and/or cloud al titude., limited t,, -(i Km.

5. Observer/solar zenith angles I nited to ()-Hi, degrees due

to LOWTRAN anomalies at large zenith anqles.

6. Model atmospheres limited to the six standard AF(;L models.

7. The atmospheric, geometric and radiance modules have some
inputs in common. These must be self consistent for any

single run.

8. Cloud scene shadowing is currently not handled. Cloud/
scene radiance maps must be overlaid to produce a scene
which contains clouds. Cloud image pixels which do not
contain cloud are assigned zero radiance to facilitate
this.

9. Calculations are limited to 2.5-13.0 im.

10. Scene data bases currently limited to the five generic

ground scenes and two generic cloud scenes supplied.

11. The image module currently weights path radiance which
should be an unweighted component of the apparent radiance.
The error introduced is small. This will be corrected in
Phase II.

12. Surface level atmospheric parameters are applied uniformly
over the scene. They are not spatially variable.
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6.0 USER SPECIFIED INPUTS

6.1 Atmospheric Module

Card 1) IATM, ALT, WLB, WLE (13, 3F10.3)

IATM - Standard LOWTRAN Model Atmosphere.

1 - Tropical
2 - Midlatitude Summer
3 - Midlatitude Winter

4 - Subarctic Summer
5 - Subarctic Winter
6 - Ur. S. Standard 76

ALT - Observer altitude in km.

WLB, WLE - Beginning and ending bandpass
wavelengths in microns.

Card 2) IAER01, IAER02, IHAZE, TUPPER, Ml, M2, M3, VIS (713, i'i0.3)

IAEROI - Selects the boundary layer
(0-2 km) aerosol model.

0, 1 - Rural
2 - Urban
3 - Maritime

4 - Tropospheric
5 - Advection Fog (default vis <0.20)
6 - Radiation Fog (default 0.20 < vis < 1.00)

Note: If 1 < vis < 2, the light fog option
is used with IAER01.

IAER02 - Selects the stratospheric ( -10-35 km)
aerosol model.

0, 1 - Background

2 - Aged Volcanic
3 - Fresh Volcanic
4 - Meteoric Dust

IHAZE - Selects the upper atmospheric
(2-100 km) haze model.

0, 1 - Background

2 - Moderate Volcanic

3 - High Volcanic

4 - Extreme Volcanic
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IUPPER - Allows modification of haze model

in upper atmosphere (>35 km).

0, 1 - Normal (model selected by

IHAZE unchanged)
2 - Extreme Upper (selects extreme

upper atmospheric haze model)

Ml, M2, M3 - The parameters Ml, M2 and M3 can aach
take integer values between 0 and 6
and are used to modify or supplement
the altitude profiles of temperature
and pressure, water vapor, and ozone
respectively, for any given atmos-

pheric model specified by IATM.

Ml = 1 selectes the TROPICAL tempera-
ture and pressure altitude pro-
files.

= 2 selects the MIDLATITUDE SUMMER

temperature and pressure altitude
profiles.

6 selects the 1962 U.S. STANDARD

temperature and pressure altitude

profiles.

M2 = 1 selects the TROPICAL water vapor
altitude profile.

= 2 selects the MIDLATITUDE SUMMER
water vapor altitude profile.

= 6 selects the 1962 U.S. STANDARD
water vapor altitude profile.

M3 = 1 selects the TROPICAL ozone alti-

tude profile.

= 2 selects the MIDLATITUDE SUMMER

ozone altitude profile.

= 6 selects the 1962 U.S. STANDARD
ozone altitude profile.

For most applications, MI=M2=M3=0; the
profiles selected by IATM are unaltered.

VIS - Meterological range km. Override for
the boundary layer haze model.

See Fiqure 26 for details of the aerosol

models used.
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FILE UNITS

Fortran Read, Write ur ASCII or

Unit Read/Write Binary File

5 W A Output data base. Contains co-

efficients of polynomial curve

fits to atmospheric values.

6 W A ASCII output file. Run time

diaqnostics of curve fitting pro-

cess.

7 R A User specified input file.

10 R B Atmospheric data base File 1.

11 R B Atmospheric data base File 2.

This is a temporary work file.

6.2 Geometric Module

Card 1) (ISW(I), I-1, 40) (4012)

ISW - Array of switches for debugging
purposes.

(0 - Off, 1 - On)

Card 2) DBG (Al) - Debug switch (ASCII 'T' or 'F').

Card 3) CLDMIN (>7.3) - Minimum altitude of clouds in cloud

file (km).

Card 4) (SCXITSR(I), I=1,3) (3El4.( ) - User Specified Scene Center.

SCXUSR(]) - Altitude (km).

SCXUSR(2) - Longitude: (DEG) - West, + East

SCXUSR(3) - Latitude: (DEG) + North, - South

Card 5) IDAY, IMnNT11, IYFAP, TIME (315, F8.2)

IDAY, IMONTH, IYEAR" - Thet day, month and year of
the calculation. Enter as

MM, DD, YYYY.

TIME - Time of run, GMT, (HHMM.SS).
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Card 6) (OBSRLL(I), I=1,3) (3E14.6) - Observer position.

OBSRLL(l) - Altitude (km)

OBSRLL(2) - Longitude: (DEG) - West, + East

OBSRLL(3) - Latitude: (DEG) - South, + North

Card 7) NCOLS, NROWS (214)

NCOLS - Number of columns in satellite image.

NROWS - Number of rows in satellite image.

Card 8) XRESA, YRESA (2E14.6)

XRESA - Angular size of one pixel in the
satellite image, in the horizontal

direction (radians).

YRESA - Angular size of one pixel in the

satellite image, in the vertical

direction (radians).

FILE UNITS

Fortran Read, Write or ASCII or

Unit Read/Write Binary File

5 R B Scene data base.

6 W B Pseudo radiance used to display
visible image produced.

11 W B Shadow file.

12 W B visibility file.

13 R A User specified input list.

14 W A ASCII echo of inputs list.

6.3 Radiance Module

Card 1) IATM, TMONTH, IDAY, IYEAR, TIME (415, F10.2)

IATM - Standard LOWTRAN Model Atmosphere.

1 - Tropical

2 - Midlatitude Summer

3 - Midlatitude Winter

4 - Subarctic Summer
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5 - Subarctic Winter
6 - U.S. Standard 76

The atmosphere selected must be the
same as that in the atmospheric data
base file selected.

IMONTH, IDAY, IYEAR - The month, day and year of
the calculation. Enter as

MM, DD, YYYY.

TIME - Time in hours (GMT) of calcu-

lation (24 hour clock, HHMM.SS).

Card 2 ) WLB, WLE, ALT, LONG, LAT (5F10.2)

WLB, WLE - Beginning and ending bandpass wave-
lengths in microns. These inputs
must be the same as those in the

atmospheric data base file sele-t-d.

ALT - Observer altitude in km.

LONG, LAT - Longitude and latitude of observer's
NADIR point (sub-satellite point) in
degrees.

Longitude: - West, + East

Latitude: - South, + North

Card 3) SCNALT, SCNLNG, SCNLAT (5F10.2)

SCNALT - Scene stare point (scene center)
altitude in km.

SCNLNG, SCNLAI - Scene stare point (scene center)
longitude and latitude in degrees.

Longitude: - West, + East

Latitude: - South, + North

These values override the default values
read from the scene header.

Card 4) NCOL, NROW (215)

NCOL, NROW - Number of columns and rows in observer's
apparent radiance pixel map. These are
used to determine the scene F.O.V. extent
(see Card 6 below).

47



Card 5) TAIR, TSSL (5F10.2)

TAIR - Sea level air temperature in degrees K.
This is a 24 hr. diurnal average air

temperature.

TSSL - Temperature of the sub-soil layer. The
temperature of that layer of sub-soil
which does not vary with the diurnal
cycle of air temperature. In general,

the mean monthly air temperature is a
good first approximation to the sub-soil

temperature ., eu [,.5. _--;s5

Card 6) XRES, YRES (5F10.2)

XRES, YRES - The angular extent of one pixel in the

observer's field of view in radians in
the X (vertical) and Y (horizontal)
directions. The total field of view is
then NCOL * XRES by NROW * YRES.

FILE UNITS

Fortran Read, Write or ASCII or
Unit Read/Write Binary File

5 R A User input file.

6 W A ASCII output file. Run time
diagnostics and statistics are
written here.

7 R A Atmospheric data base file gen-

erated by the atmospheric module.

8 R A Heat transfer data base.

9 R A Monte Carlo cloud bi-directional
reflectance data.

11 R A Spectral material diffuse re-
flectance data.

12 R B Scene data base.

13 R B Shadow file generated by geomet-
ric module.

14 R B Visibility file generated by
geometric module.

17 W B Pixel apparent radiance file.

48

4,.



APPENDIX 1

Solar Ephemeris Module User Manual

1-1



APPENDIX 1

A detailed description of the algorithm is given here, extracted

verbatim* from W. Wilson, "Solar Ephemeris Algorith," University of

California Visibility Laboratory, La Jolla, CA, July 1980.

This section describes the algorithm itself in terms of its logical

flow and various equations and tables used.

All values computed are in degrees and fractions of degrees. For printing purposes, many times
values are first convened to the form a" xx' ." or & xx'. xe. The function routine which does this
is called TOHMS.

3.1. STEPS

STEP I Compute p23 - T, fraction of century from 1900 JAN 0" 121 ET

This routine first computes the number of days since 1900 JAN 0 12" ET. The algorithm used
yields a value of 694038.5 for this date. Thus, this value is subtracted to yield the actual number of
days Because the algorithm does not take proper account of the leap year century years (i.e.
I 0O, 1900) additional days need to be added for these and preceeding years. To the number of whole
da,, the standard local time (in days) and the observer's longitude is added to get the correct time-
p'- d since 1900 JAN 0" 12" ET. This is then divided by 36525, the number of days in a century, to
obtin the fraction of century. p23. Thus,

p 23 - T - p22 (28)
36525

* Used with permission.
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STEP 2(a) Compute the mean longitude of sun referenced to mean equinox of date - p24 - L

p24 - L - 279069668 + V.98564 73354 -p22 + 3 003 -10- 4 • p232  (29)

Note that all values are convened to the range of 0-360° by using the function mod(x,360), which
is defined as the remainder of the division --x

360

STEP 2(b) Mean anomaly of sun -p25 - M.

p25 - M - 358'.47583 + 00.98560 02670. p22 - 00.00015 • p232  (30)

_3o- 10-.p233 .

STEP 2(c) Eccentricity - p26 - e

p26 - e - 0.01675104 - 4.18 • 10-  - p23 - 1.26 10-7 p232  (31)

STEP 3 Compute eccentric anomaly - p13 - E from

M - E - e sinE (32)

or

p25 -p 1 3 -p 26 sin(pi3).

This transcendental equation is solved for p13 by successive approximation. When the change in
p13 is smaller than 10-8, iteration is stopped.

STEP 4 Compute true anomaly - p27 - V from

V - 2 tariI I +Te tan I, (33)

if

sign(V) # sign(E), Then V- V + 180, (34)

1-3
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if

V <0. Then ' - 1360°. (35)

or

P27- 2tan' -/1+ p2 6 tan _/- tan- 2 23

or if

sign(p27) # sign(pl3). Then p27 = p27 + 1800.

or if

p 27 < 0, Then p27 = p27 + 360 ° .

STEP 5(a) Compute radius vector. R

R - 1.0- e cos(E) (36)

or

R - 1.0 - p26 cos(p13)

STEP 5(b) Compute aberration - p21 -. Ax,

p29 -A 4  -20'.47 °  (371
R 300 "

STEP 5(c) Compute mean obliquity - p43 -

r 4 1 = - 23452294 - 0 '0130125 p23 - 1 '64 10 " p2 3 - 5'.03 10 p23'. (38)

STEP 5(d) (ompute mean ascension - p4 5  (,,,

p45 - a, - 2%) .6909832 - 0 9854734 r22 -3' 8708 10 p23- (34,
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STEP 6 In this step all perturbations due to the moon are computed.

The variable p8controls the degree of approximation of the algorithm. If p8< 2, the perturba-
tions due to the moon are included in the algorithm.

These require the initial computation of four quantities which are:

moon's mean anomaly - p28 - I
moon's mean elongation -p30 - D
moon's longitude of ascending mode - p3) - f)
moon's mean longitude - p32 - -y.

Note that D - v " L where L - mean longitude of sun.

p28 - I - 296°.104608 + 1325 • 3600. p23 + 1980.8491083 p23 (40)

+ 0000919167p232 + 1 0.4388 . 10-' • p231

p30 - D - 3500*737486 + 1236 • 3600. p23 + 307 .1142167 p23 (41)

- 10.436 • 10- 1 • p232

p31 - f - 2590.183275 - 5 • 360. p23 - 134 .14200 p23 (42)

+ 200778 • 10-1. p232

p32 - y - 2700.434164 + 1336. 3600 . p23 + 37008831417 p23 (43)

- 1 0.1333x10 - 3 - p232 .

The perturbation of the earth's orbit due to the mass of the moon is p33 - AX,

where p33 - 6".454 sin D (44)
+ 0"013 sin 3D
+ 0"177 sin (D+I)
- 0'"424 sin (D-1)
+ 0'"039 sin(3D-I)
- 0"064 sin (D+M)
+ 0"172 sin (D-M)

Note that D - p30. I - p28, M - p25.

The moon also causes nutation of the solar longitude, A, and obliquity of the ecliptic, At. As
mentioned earlier, this nutation is in terms of a power series with up to 60 terms. Table 3 has a listing
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20b 12 -2 1 + 45

173 +2 -2 .- 21
133 "2 + 16 -0 IT

36 +1 41 - 35 * 3

91 +2 +2 -2 +2 - 15 + 017 + 7

347 -1 +3 - I0 + 5
l00 -2 +2 +1 - 5 + 3
34' - + 2 -7 1 5 + 3

212 +2 - 2 +1 + 4 -2
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2
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+69 2 .2 .2 - 6 + I3
336 +2 + 25
270 1-1 *2 +1 + 19 -10
3201 - +2 +1 .- 4 - 7
31 7 +1 -2 +1 - 13 + 7
95 -I +2 +2 + 9* 5

348 +1 +1 -2 -I
13. +1 +2 +2 + 3

96 +3 +2 * 6

34+ .2 +I - 6 + 3
142 - +2 2 6 + 3
56 +1 "2 +2 +2 6 + 3

128 +2 +2 -2 .2 + 6 2
147 -2 +, - 5 3

71 +2 +2 +1 5 + 3
239 +1 +2 -2 +1 + 5 3
29S +1 4

154 + 1 -2 4
29 + 1 -+ 4

269 4.1 -2 + 4
69 +2 +2 +1 4 2

256 + + 3

94 +- - +2 +2 -
13 -2 41

J26 -3 +2 -2 + - 2
138 . I . 2
98 -I -3 1 2 2 -.2 2

-3 +2 - 2 +2 - 2

273 .2-201 -+1 1' +2 :1
, 3 I 2 +2 * 2

Note r is the irinn n censu. soelfw" en sfmned in the text



of the terms of this power series. The form of each term in the series is

S sin(a/+bM +cF+dD +ell) (45)

for nutation in longitude, and

S cos(a/+ bM + cF + dD + efl) (46)

for obliquity, where F - L - fl.

The algorithm as presently implemented uses only 5 terms for longitude and 4 terms for obliquity.
If a higher degree of accuracy is desired more terms may be added. The terms presently used are in
bold face in Table 3.

The nutation in longitude is p34 - Agi.
The nutation in obliquity is p35 - At.

The moon also has a perturbation effect on the solar latitude. For the accuracy of the present
algorithm, this effect is negligible. For illustrative purposes, however, the perturbation effect is com-
puted in the event higher degrees of accuracy are required.

The moon's mean argument of latitude, p63, is first computed by

p63 - 110.250889 + 1342 • 3600 . p23 + 820.02515 p23 (47)

+ 00003211 • p232 .

Then the perturbation of latitude due to the moon is

AP - 0".576 sin (p63) (48)
+ 0"016 sin (p63 + 1)
- 0"1047 sin (p63 - I)
+ 0".021 sin (p63 - 2 (1 - 0))

STEP 7 In this step perturbations due to the planets are computed. The variable p8 again controls
the degree of approximation. If p 8 < 1, the planetary perturbations are included.

The inequalities of the long period in the mean longitude, 6L, caused by the planetary masses are
computed from

p36 - 8L - 0".266 sin (31.8*+ 1190. p23) (49)
+ (0 882 - 0'016 p23) sin (570.24 + 1500.27. p23)
+ 0"202 sin (31500 + 89303 p23)
+ I ".089 • p232

+ 64 sin(231"019 + 20°.2 p23) .
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The other perturbations due to the planets all require the mean anomalies of each planet which
are as follows:

VENUS:

p3 7 - 2120603222 + 162 -3600. p23 + 197.803875 • p23 (50)

+ 1 0286 • 10-' • p232

MARS:

p38 - 3190529022 + 53 • 3600 . p23 + 59'.8592194 - p23 (51)

+1 08083 • 10-4 . p232

JUPITER:

p39 - 22503225 + 8 • 3600. p23 + 1540.583 p23 (52)

SATURN:

p40 - 175.613 + 3 . 3600. p23 + 141 794. p 2 3 . (53)

The perturbations due to each planet may be computed by using the mean anomalies and the
coefficients from Tables 4-7. The coefficients in Tables 4-7 are given in the form of j, i, S, and K. A
single term has the form

S - cos(K -jg'- iM) (54)

where g' is the mean anomaly of the planet and M the mean anomaly of the sun.

Only the coefficients in bold face in the tables are used in the present algorithm. These
coefficients account for most of the perturbations in longitude. Further discussion of this point is made
later

The perturbation of latitude by the planets is also negligible for the present purposes. However, if
needed, a type of latitude correction may be made similar to the longitude correction. Table 8 gives the
required coefficients.
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STEP 8(a) Computation of precession - p42

The precession is defined as the distance the equinox has moved from the beginning of the year.
The rate qf precession, p is

p - 50".2564 + 0".0222 .p 23 . (55)

Thus the precession is,
p42 - p • (time since beginning of year) (56)

STEP 8(b) Computation of apparent (true) longitude - p4J - A

The apparent longitude of the sun is the solar longitude measured from the mean equinox of date
apparent at the earth's surface, ignoring refraction. Thus

(-M) + L +A, 8L + A,+ A, (57)

or

p41 - (p27 - p25) + p24 + p29 + p33 + p36 + p34.

STEP 8(c) Computation of obliquity p75 - t

- E, + ( .58)

or

p75 -p43 + p35,

STEP 8(d) Computation of apparent right ascension - p44 = a

From equation 5)

a - tan-(tanA cos E) . (59)

if
sign a # sign A the a = a + 1800, (60)

if

a <0 Thena a + 3600,

or
p44 - tan (tan(p41) - cos(p43))

if
signip44) # ,,,ntp4l). Then p44 - p44 - 180-

t- 10



or if

p44 < 0 Then p44 - p4 4 + 360w

STEP 8(e) Computation of equation of time - p46 = Eq. T.

Eq. T- a,-a , (61)

if

Eq T > 180 - Then Eq. T-Eq. T-3600 , (62)

or

p 4 6 - p 4 5 - p 4 4

or if

p4 6 > 180'. Then p46 - p46 - 360'.

STEP 8(f) Computation of hour angle - p48 - h,,

From Eq. (26)

p48-p21 360+ 15 mt 7.5 +p20 sign (p2) - p20 -180 (63)

where p21 - local standard time in fractions of days

p20 - absolute value of longitude

p2 - longitude.

STEP 8(g) Computation of local apparent hour angle - p49 - h,

h, - Eq. T + h,, (64)

or

p49 - p46 + p48

STEP 8(h) Computation of declination - p47 - 8, from Eq. (1)

8, - sin-' I cossinAsine + sitocosi . (65)

1-1]
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or

p47 - sin - ' 1 cos(p60)sin(p41)sin(p75) + sin(p60)cos(p75) ]

STEP 8(i) Computation of zenith angle - Z from Eq. (7)

Z - cos-' sinSBsin6 + cos8cos~cosh, ] (66)

or

Z - cos - ' I sin(p47)sin(p19) - cos(p47)cos(p19)cos(p49) J
where p1 9 - latitude of observer.

STEP 8) Computation of azimuth - A from Eq. (8)

A - cos-, sin8cos - cosbssin46cosh1 (67)

sinZ j
if

i cosSifh, # sign(A); Then A - 360 - A (68)

Sj sin Z I
or

A - cos-[ sin p47)cos(p 19) - cos(p47)sinQp19)cos(p49) JsinZ

or if

g cos(p47)sin(p49) # sign(A), Then A - 360 - A
SinZ

The longitude tabulated in the Nautical Almanac is the apparent longitude minus the sum of the aberra-
tion and the nutation of longitude. Therefore, the tabulated quantity is

x - (AX4 + AO). (69)

or

p41 - (p29 + p3 4)
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3.2. ALGORITHM ACCURACY

The accuracy of the solar ephemeris algorithm depends ultimately on the number of terms used
for the perturbation effects. In order to give some insight into the de4ree of accuracy achievable, this
section will explore the effect of the various component parts on the final result.

For our specific requirements, the value of major concern is the apparent zenith angle Z. This
value, computed from Eq. (7), is a function of declination 8,, observer latitude 0 and solar hour angle
h. Thus

cosZ - sin6,sin4b + cosb,cosocosh (70)

We also know
h, - h, + Eq. T - h, + a,-a, (71)

or, combining known quantities,
h, - LMT - a -A + C. (72)

Thus taking derivatives and assuming the maximum possible error for each component, one obtains

AZ = 8, + Aa + ALMT + &A + & . (73)

It should be noted that the maximum possible error will not occur simultaneously for each of the
components. Thus the maximum error AA will occur when 0-0, while the maximum error 48, will
occur when 0-0, 8,-0 but h, - 00 or 900. By doing the analysis in this manner however, the relative
importance of each component is illustrated.

The present requirements for the algorithm have been to compute & Z to within 00.1 or 6'. If this
error is then divided proportionaly among the five components, each must have maximum errors of
00.02 or 72".

3.2.1. Latitude and Longitude

Since 00.02 of latitude is 1.2 nautical miles, this fixes the required latitude determination. A long-
itude increment of 0.002, in terms of surface distance is given by

00.02 (74)
coso

However, the maximum error &A is proportional to cosO, so that again a determination of A to within
1.2 nautical miles will give the requisite accuracy.

3.2.2. Time

A change in arc degrees of 00.02 in zenith angle is equivalent to 4.8 seconds of time. Again, this
is proportional to cosb, so that at higher latitudes this requirement is relaxed.

3.2.3. Declination

Declination is computed using Eq. (4). Thus,

sin8, - sin • sine (75)
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and therefore

nk- fC+ I c.~WE AX. (76)
cosbcosb,

Since E, the obliquity is on the order of 230.5, the maximum error for At + AA is on the order of

A8, - At + 0.4xAX. (77)

For 18, - 00.02, and dividing maximum error proportionaly

At - 36" (78)

and

AX - 90"- ' 30".

3.2.4. Right Ascension

From Eq. (5), right ascension a is computed as

tana - tanX cost , (79)

or

sec'Xcosw tansine
ca - e a A+ --'• A. (80)

Putting in values for maximum error, the relationship

Aa - &A + 0.7 • AE (81)

is obtained.

For Aa - 0'.02 and dividing the maximum error proportionally,

At - 90"- 1 '30" (82)

and

Ax - 36".

3.2.5. Obliquity and Solar Longitude

The analysis of errors due to declination and right ascension shows that in general for AZ -0.1,
the error in obliquity At should be less than 36". This is also true for the error in solar longitude Ax.

The major source of error in obliquity is the inclusion of the nutation of obliquity Af. Addition
of all of the coefficients for nutation of obliquity found in Table 3 gives the sum 10".04. If the four
highest terms are summed the value 9".94 is obtained.

Thus the maximum possible error in obliquity is not 36" but on the order of 10". If the four larg-
est terms for nutation of obliquity are used this reduces the maximum error to 0".1. Therefore the
maximum error for longitude AX may be increased to 62" or 72".

1-14
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The errors in the computation of longitude are listed in Table 9 aloag with the corrections used in
the present algorithm. The errors are computed by adding the coefficients given in Tables 3 and 4.

Tmke 9.

All Cwtr~txx Cawomnam of Turn

Numaum o Lc A # Irj 36 Ir 03
Moon peur u stoa io Am O. f4 1

I un f r Lon LP SLmd 9"4 r 4 5
PltutbntIMM d nnmu

VENUS ITS 3 I" II 6

MARS 7-02 S. W 6
IJuPTEI aIS" 14"?l $
SATURN 1"04 V 74

TOTAL 7-82 73" 7

It can be seen from Table 9 that the maximum error AX is about 78". This is just 16" higher than
the maximum allowable error of 62" from AZ - 00.1. Since this is the maximum allowable error, the
computation of X without any nutation and perturbation corrections should allow Z to be computed to

within 0". 1 under most conditions.

The addition of the nutation terms in the obliquity and longitude calculations using only those 9
terms used in the present algorithm will reduce the maximum allowable error in longitude to 49" which
is well within the requirement.

The use of all the terms for nutation and perturbations in the present algorithm reduces the error

in longitude computation on the order of 4".5. This degree of accuracy is far greater than is needed for

most applications. Their inclusion has been merely an illustration of the technique required for a highly
accurate solar ephemeris.

3.2.6. Sample Results

To show the accuracy of the algorithm. the ephemeris for four days have been computed and

tabulated below. They are:

Table 10 1786 MAY 3, 17 " 30" GMT

Table 11 1960 MAR 1, 0' GMT
Table 12 1979 JAN 1, 0' GMT

Table 13 1979 JUL 1, 0' GMT

The first date was chosen because Newcomb used this date as an example as to how to use the

'tables. The second date is used in the Supplement as an example, and the last two are merely illustra-
tive of the accuracy for the year 1979.

For each date the computations have been made for the approximations noted in the sections

above. The first uses the full algorithm, the second excludes planetary effects, while the third excludes
lunar and planetary effects.

1-15

I4



TAl 111 .1716 MAV 03Pio G~r

11a~a 4104ll31 allowmt

Longtude [c. Milan E~.oon of Dute 4rO' q 504 5 43' W5'7 4r SC'S73 4r ~sws.6
ReduCtitori to AP99Wtit Longitude -- 0' -6' 11 -6-1 II 2v IS
Latiude forecliptic of Date - -0-0 0-02
Precieorim in Lonitude from 17116.0to Date ir ob 17-22 17- 22 ir 2
Nutation in Longitude IC 26 14-.1 14"I. 11
Nutation in Obbuittuy 4- 13 4-30 4"40
Obliquity of Liciptic 25. 2n's . 8 23* 2805"1I 23* 21W" I 23. 2nrs
APMIII Right Ascenaion i - 2hlt1m11 6  264!ini2 I 2,1536
Apparent Declinain It16 ' 0W' 16 WS I 16 W43'9
Radius a.ctor I OD3 1 0093 1 I 0093I
ET of piemwts'rTranit I I h5"30 3 1tt1snhsn 6  1 hmp6

'Note that pres'ous to 1925 GhI um, mmunaud imon (,efw"t noon Thu, PQem' sco eamad (ofim a 1786 May 3 17h*-i GMT

Tahi 11. 1%boMARCH 7 OhGuMT

I Algsruthm Alaminhm
NAl. Algorithm no plaienay fo kinse

Full effiact d1111111

Longitude for Mean Equinom of Date I346- 26-23' 5 I346- 2624- 346- 261C 5 34W 26101-9
Reductin to Apwemi Lvgitud -21- 37 j 21"45 -21345 -20.62
Latitude for eclipti of Dote -0r 65 -.0 .61 'r 7
Precession in Longitude from 19600 to Daoe 9" 04 I" 01 Or 01 7.01
Nutatioir in Longitude -T 74 -08 -T 12
NuLttin tObliqtuity I SS 9'X1

iObliquit of Ecliptic 1 23* 2631' 2 23' 26 31 2 2)'" 26-31- 2 23- 26*4111O

Apperen, Right Ascnson 21hioni04t1 23hle0p04 ' 23h,0 0 ,4~j& 2 h I&m02a,
Ap99rent Declinaion *~21'16-.3 -5* t16 0 -42'23"7 -S' 21'23'.7
Radius nectar 9925 9925 9925 9925

IET of lepfmens Transit 12", m05 1  lhIl o In l~h s Ilmobtr0sS

Table 12. 1979 JAN I O GM'T

I j Algorim Avrshim
I Nautical Aloithmn no ptarisairy no huna

Alnumnac Full dfecli dube

Longiiude for Mean LQuinon of Date 279T 5114"90 279' 813 27" 58-16-) 7 27v sur 6
1Reducion to Apparent Longitude -22"86 -221,18 22"U Wgg
Latiudec for ecliptic of Dit 0' 61 0' 21 (Y'. 38
Precieon, in Longitude from 1979O0io Date +or 007 -T'03 .0-03 -0",03
Nutation in Lonigitude -r 047 205S9 -2"059
Nutation in Obliquity .7'r743 .91274 .1 724

Oblquty f 23iti 20*21" 467 23' 26 21- 5 23' 26-21- 5 23- 26-31- 3
Apprent Right Ascension 11"4 3- 211 66 1 8h43m21 76 11hill" 21% I gh43 n22-l
Apparent Dectination -23* 03 53" -21- 03 4 1 23' 03 539 2*2 040136
Radius 'eector 0923333U 9833 9133 9833
ElT of Ephemeirt Tranut l 2h03m23' 61 1I2h03 -~23' 5 Ii 03m"23e i 1N 21t123 I

Tabe 1. 979J JLI h 6Wy Algorithm Algorithm

yslcl Algorithm no platieway no lundN

~Longitude foi6Meanf~uno. of Date3'440 9*34' 9r S439 913%2"

FReductiontonAppaeeniLmng~ude -25' 27 .2 1 .25' 3) 01 Ii

Precesion in Longitude Irom 19'9 0Ot Dote 2" 353 - 24 10 24" a 24 IS
Nuuion, ,n Lorpude , 119 i19 59

u~talion in Obhiijii -9 271 9. 2' -9 25
(ItQUIty of EdiMIC 21" 2621 74' 71 621-8 21- 26-2 1 -1 23- 2631-0

AermRight AItceintio Ihh'" 23 41 "' 1."" 21-0~ 6h) 3 1 I ht3 7""2 'l
ApearenT Dncimtal- 71 no (4v' o ' (11 0 vn2 '2". 1140 1 21- 0942-9
Red-o eca, w, 1 MWNji I016', I 016' 10167

IF 7 of Ievwrns Irent'. 2ho,0, I,: I 1'h""'11( 2 I ,hplinsils I I.,hoiontbt



APPENDIX 2

GENESSIS Heat Transfer and Reflectance Data 
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Table A2-1. Heat Transfer Data Base.

3
4 4 3 8

0 000 2o 940 '613 641 864 682 - Sular Irradidnce Values
260 00 273 00 286 00 300 00 - Cuivective Flux Values
-60 00 0 00 60 00 - Cunductive Flux Values $Solar

Elevation

-1 560 -1 560 -1 557 1 553 1 554 1 t'.,, 1 557 1 56 0 , IAnqle (rad)
248 7 248 7 248 7 248 7 248 7 24,W 248 7 248 7**. Temperature

-1 560 -1 560 -1 557 1 553 1 554 .''1/ 1 557 1 560 I(kelvin)
259 9 259 9 260 0 260 0 260 0 260 C 260 0 259 9

-1 560 -1 560 -1 557 1 553 1 554 I !,!- 1 557 1 560
271 2 271 2 271 3 271 3 271 3 271 2 271 3 271 2

-1 560 -1 560 -1 557 1 553 1 554 1 1 557 1 560
261 5 261 5 261 6 261 6 261 6 261 1, 261 6 261 5

-1 560 -1 560 -1 557 1 553 1 554 1 
, ,

A 1 557 1 560
272 8 272 8 272 9 272 9 272 9 27;, 9 272 9 272 8

-1 560 -1 559 -1 557 1 553 1 554 1 !,!,. 1 557 1 560
284 2 284 2 284 2 284 2 284 2 284 ' 284 2 284 2

-1 560 -1 557 1 553 1 554 1 554 1 $, 1 557 1 560
274 5 274 5 274 5 274 5 274 5 274 f, 274 5 274 5

-1 560 -1 557 1 553 1 554 1 556 1 / 1 557 1 560
285 8 285 8 285 8 285 8 205 8 280. 0 285 8 285 8

-1 560 -1 560 -1 559 -1 557 1 553 11.,, 1 557 1 560
297 2 297 2 297 2 -97 2 277 2 297 1 297 2 297 2

-1 560 -1 560 -1 557 1 553 1 554 1.4 1 557 1 560
288 4 288 4 288 4 286 5 288 5 2W . 288 4 288 4

-1 560 -1 559 -1 557 1 553 1 554 1 1 1 557 1 560
2q9 8 2Q 8 2Q9 8 2098 299 8 29'11 2998 2998

- 560 -1 559 -1 559 -1 557 1 553 1".4 1 557 I 560
311 211 2 311 2 311 2 311 3 31J 311 2 311 2

- 1 445 -1 320 -1 226 -1 033 1 185 1 ;9 1 392 2 084
24Q 3 250 1 250 8 25 3 251 2 250 4 249 7 246 2

-1 445 -1 320 -1 226 -1 033 1 185 1 ;,1 1 392 2 084
260 6 261 5 262 1 263 7 262 5 261 7 261 0 257 4

-, 441 ; -40 1 320 -1 226 -1 033 1 I 1 392 2 084
2'1 r 272 6 272 8 '2 S 271 1 27:, f 272 4 268 5

oee P'. ]A Uk 1 fj IrthRi cxplaiiat Inl.
PReproduced 

from
bes! availab e copy.
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-1 445 -I 320 -1 226 -1 033 1 185 1. 1",1 1 392 2 084
262 2 263 1 263 8 265 3 264 2 26:t .1 2627 259 0

-1 445 -1.340 -1 320 -1 226 -1.033 1 "1 1 392 2 084
273 5 274.2 274.4 275 1 276.8 274 ' 274 0 270 1

-1 445 -1.340 -1 320 -1 226 -1 033 1.;"/) 1 392 2 084
284 9 285.6 285.8 286 6 28,28 28

, 
1 285 4 281 4

-1 445 -1.340 -1 320 -1 226 -1 033 1 ,'1j 1 392 2 084
275 1 275 8 276. 0 276 7 278. 4 P7', 3 275 6 271 7

-1 445 -1 340 -1 320 -1 226 -1 033 1 ;'"J 1 392 2 084

286 5 287.2 287 5 288 2 209 9 28"/ 7 287 0 283 0

-1 445 -1 340 -1 320 -1 226 -1 033 1.;'9J 1 392 2 084
297 9 298 7 298.9 299 6 301 4 299. ' 298 4 294,2

-1 445 -1 340 -1 320 -1 226 -1 033 1 ;"'1 1 392 2 084
289 1 289 9 2901 290 8 292 5 290 4 289 6 285 5

-1 445 -1 340 -1 320 -1 226 -1 033 1.;"'9 1 392 2 084
300.6 301.3 301 5 302 3 304.0 301 (3 301 1 296 8

-1 445 -1 340 -1 320 -1 226 -1 033 1.1"'t) 1 392 2 084
312 0 312 8 313 0 313 7 315 5 31:4 .4 312 5 308 1

-1 364 -1 178 -0 962 -0 510 0 879 1.090 1.274 2 607
249 8 251.1 252.7 255 5 253 4 251 9 250 6 244 4

-1 364 -1 178 -0 962 -0 510 0 879 1 J'/CO 1 274 2.607
261 1 262 4 264. 1 267 0 -"264 9 260 ' 262 0 255 5

-1 364 -1 178 -0 962 -0 510 0 879 (1," 1.274 2 607
2725 2739 2755 2785 2763 274" 273 3 266 6

-1 364 -1 178 -0 962 -0 510 0 879 1 0'10 1.274 2 607
262 7 264 1 265 7 268 6 266 5 264 9 263 6 257 1
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25, 8 271 0 2'2 0 5" 5 7' & 27' 270 4 20" 8
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-1 445 -1 320 -1 226 -1 033 1 185 1 ';' 1 392 2 084
263 8 265 0 266 0 268 4 266 6 26t , 264 4 261 0

-1 445 -1,320 -1 226 -1 033 1 185 1 L' 1 392 2 084
273 2 274 4 275 4 277 9 276 1 27, J 273 8 270 3

-1 445 -1 320 -1 226 -1 033 1 185 1 ;7; 1 392 2 084
282 7 283 9 284 9 287 5 285 6 28. 6 283 3 279 6

-1 445 -1 320 -1 226 -1 033 1 185 1 ;/; 1 392 2 084
276 6 277.8 27B 8 291 3 279 5 271' t 277 2 273 7

-1 445 -1 320 -. 226 -1 033 1 185 1 ;' 1 392 2 094
286.1 287 3 288 4 290 9 289 0 29-i 1 286 8 283 0

-1 445 -1 320 -1 226 -1 033 1 185 1 ;*' 1 392 2 084
295 7 297 0 298 0 300 6 2987 297 7 296 4 292 5

-1 445 -1 320 -1 226 -1 033 1. 185 1 ! 1 392 2 084
290 5 291.8 292.8 295 3 293.5 29;' 5 291 2 297 4

-1 445 -1 320 -1 226 -1 033 1 195 1 ,7, 1 392 2 084
300 2 301 4 302 5 305 1 303 1 30w 1 300 8 296.9

-1 445 -1 320 -1 226 -1 033 1 185 1 ;!/p 1 392 2 084
309 8 311 1 312 2 314 8 312 8 311 0 310 5 306 4

-1 364 -1 141 -0 962 -0 510 0 879 1.090 274 2 607
251 8 254 2 256 2 260 8 257 5 255 0 253 0 246 9

-1 364 -1 141 -0 962 -0 510 0 879 1 090 1 274 2 607
261 1 263 6 265 6 270 3 266 9 264 4 262 4 256 1

-1 364 -1 141 -0 962 -0 510 0 879 1 Ol0 1 274 2 607
270 5 273 0 275 1 279 9 276 4 27:j 0 271 8 265 2

-1 364 -1 141 -0 962 -0 510 0 879 1 (J'0 1 274 2 607
264 5 267 0 269 0 273 7 270 3 267 B 265 8 259 5

-1 364 -1 141 -0 962 -0 510 0 879 1 090 1 274 2 607
273 9 276 5 278 5 283 3 279 8 27/ 275 2 268 6

-1 364 -1 141 -0 962 -c 510 0 879 1 (090 1 274 2 607
263 4 286 0 28e 1 293 0 209 5 296 9 284 7 277 8

-1 364 -1 141 -0 962 -0 510 0 879 1 090 1 274 2 607
277 3 279 9 281 9 28 6 283 2 280 7 278 6 272 0

-1 364 -1 141 -0 "62 -0 510 0 879 1 090 1 274 2 607
286 8 289 5 291 5 096 4 292 9 290 288 2 281 3
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-1 364 -1 142 -0 962 -0 510 0 879 1 01,0 1 274 2 607
296 5 299 1 301 3 306 2 302 6 300 0 297 8 290 6

-1 364 -1. 141 -0 962 -0 510 0 879 1.010 1. 274 2 607
291 3 293 9 295 9 300 8 297 3 294 7 292 6 285 6

-1 364 -1 141 -0 962 -0 510 0 879 1 090 1 274 2 607
300 9 303 6 305 7 310 6 307 0 304 ! 302 3 295 0

-1 364 -1 141 -0 962 -0 510 0 879 1 (00 1.274 2 607
310 6 313 3 315 4 320 4 316 8 31 , 312 9 304 5

-1 339 -1 077 -0 859 -0 033 0 756 I 021, 1 236 3 109
251 4 254 7 257 3 23 2 258 9 25, 7 253 0 2456

-1 339 -1 077 -0 859 -0 033 0 756 1 0U 1 236 3 109
260 6 264 0 266 7 272 7 268 3 26, 1 262 4 254 7

-1 339 -1 077 -0 859 -0 033 0 756 1 010 1 236 3 109

270 0 273 4 276 1 282 2 277 8 274 A 271 7 263.7

-1 339 -1 077 -0 859 -0 033 0 756 1 010 1 236 3 109
264 1 267 4 270 1 276 I 271 7 26U t, 265 8 258 1

-1 339 -1 077 -0 859 -0 033 0 756 1 0210 1 236 3 109
273 3 276 8 279 5 285 5 201 2 27' ( 275 1 267 1

-1 339 -1 077 -0 859 -0 033 0 756 1 0J20 1 236 3 109
2827 2862 288 9 295 1 290 6 287 2 284 5 276 2

-1 339 -1 077 -0 859 -0 033 0. 756 1 Oe 1 236 3 109

276 8 280 2 282 9 288 9 204 5 281 2 278 5 270 5

-1 339 -1 077 -0 859 -0 033 0 756 1 (JO 1 236 3 109
286 1 289 6 292 3 298 5 294 0 290 7 287 9 279 6

-1 339 -1 077 -0 859 -0 033 0 756 I 1J 1 236 3 109
295 5 299 0 301 8 308 0 303 5 306 1 297 3 206 7

-1 339 -1 077 -0 859 -0 033 0 756 1 (1c1 1 23& 109
290 5 294 0 296 7 302 8 298 4 29: o 292 2 2"4 C

-1 339 -1 077 -0 859 -0 033 0 756 1 012' 1 236 10"
299 9 303 4 306 2 312 4 307 9 304 11 301 7 0q,

-1 339 -1 077 -0 859 0 033 0 756 1 ((It 1 236 Z 1Oq
309 3 312 8 315 6 321 9 J17 3 31:, ' 311 1 302
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r 9 9

4 4 3 8
0 000 220 940 613 641 864 682

260 00 273 00 286 00 300 00
-60 00 0 00 60 00

-1 560 -1 560 -1 557 1 553 1 554 J. ,',,1 1 557 1 560249 3 249 3 249 3 249 4 249 4 249 0 249 3 249 3

-1 560 -1 560 -1 557 1 553 1 554 1 !a55A 1 557 1 560259 6 259 6 259 6 259 6 259 6 25' e 259 6 259 6

-1 560 -1 560 -1 557 1 553 1 554 1 ,'4 1 557 1 560269 9 269 9 269 9 269 9 269 9 2699 269 9 269 9

-1 560 -1 560 -1 557 1 553 1 554 1 ',A 1 557 1 560261 9 261 9 261 9 261 9 261.9 261 9 261 9 261.9

-1 560 -1 560 -1 557 1 553 1 554 1 '54 1 557 1 5602722 2722 272 2 272 2 272.2 272 1 2722 272 2

-1 560 -1 560 -1 557 1 553 1 554 1 b5M 1 557 1.560282 7 202 7 282 8 282 8 2828 2W8 8 2828 282.7

-1 560 -1 560 -1 557 1 553 1 554 1 1.,' 1 557 1 560274 5 274 5 2745 745 274 5 2745 2745 2745

-1 560 -1 560 -1 557 1 553 1 554 1. 14 1 557 1 560285 0 285 0 285 0 285 1 285 1 28', J 285 0 285 0

-1 560 -1 560 -1 557 1 553 1 554 bb 1 557 1 5602958 2958 29529 595 8 295 8 29!, 0 295 8 295 8

-1 560 -1 560 -1 557 1 553 1 554 I 554 1 557 1 560288 3 288 3 28e 4 288 4 288 4 281 4 288 4 288 3
-1 560 -1 560 -1 557 1 553 1 554 1 5"', 1 557 1 560

2 1 291 29 291 299,1 29'o 299 1 29912
-1 5t0 -1 560 -1 557 1 553 1 554 1 5,4 1 557 1 560309 8 308 8 30q 8 309 9 309 9 30't If 309 8 309 8

-5 45 -1 320 -1 226 -1 033 1 101 1 I'fi, 1 392 2 084.50 0 251 5 252 7 256 3 255 3 254 0 .51 2 247 1
-1 445 -1 320 -1 226 -1 033 1 101 1 1"- 1 392 2 084260 3 261 8 263 0 266 7 265 7 261 A 261 5 257 3

44' -1 320 -1 226 -1 033 1 101 1 I 1 392 2 084-70 7 272 2 "3 4 77 2 276 2 274 P 271 9 287 5
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-1 445 -1 320 -1 226 -1 033 1 101 1 1ll", 1 392 2 084
262 6 264 1 265 3 269 0 26e 0 266 o 263 8 259 6

-1 445 -1 320 -1 226 -1 03' 1 101 1 1['d, 1 392 2 084
272 9 274 5 275 7 279 t !78 4 2771 274 2 269 7

-1 445 -1 320 -1 226 -1 033 1 185 1 1/- 1 392 2 084
283 5 285 1 2B 3 290 1 287.7 286 , 284 8 280 1

-1 445 -1 320 -1 226 -1 033 1 101 1 11', 1 392 2 084
275 3 276 e 278 0 281 7 280. 7 279 3 276 5 272 0

-1 445 -1 320 -1 226 -1 033 1 101 1 1 u 1 392 2 084
285 8 287 4 288 6 292 4 291 4 290 0 287 1 282 4

-1 445 -1 320 -1 226 -1 033 1 185 1 2? 1 392 2 084
296 6 298 2 299 4 303 3 300 8 291#6 297 8 293 0

-1 445 -1 320 -1 226 -1 033 1 101 £ 11!1 1 392 2 084
289 1 290 7 291 9 295 7 294 7 29'l 3 290 4 285 7

-1 445 -1 320 -1 226 -1 033 1 185 1 291 1 392 2 084
299 9 301 5 302 7 306 6 304 1 302 4 301 2 296 2

-1 445 -1 320 -1 226 -1 033 1 185 1 ;'T 1 392 2 084
310 7 312 3 313 5 317 4 314 9 313 / 311 9 306 9

-1 364 -1. 141 -0 962 -0 510 0 879 1 0 1/0 274 2 607
250 8 254 1 256 5 263 5 259 2 25t,0 253 4 245 4

-1 364 -1 141 -0 962 -0 510 0 879 1 090 1 274 2 607
261 1 264 5 266 9 "74 0 269 6 266 263 7 255 5

-1 364 -1 141 -0 962 -0 510 0 879 1 O90 1 274 2 607
271 5 274 9 -77 4 284 5 280 1 276 7 274 1 265 6

-1 364 -1 141 -0 96 -Co 0 879 1("/b 274 2 b07
263 4 266 7 2t9 2 t"1 271 8 2614 266 0 257 8

-1 364 -1 141 -0 q6 -r l!C 0 879 1 (9( .74 2 607
273 8 277 2 ;7C; - " 231- 4 271Y 0 276 4 267 9

-1 364 -1 141 "0 96 -0 5ic' C 079 1 W/0 1 274 2 607
284 4 287 8 20 4 2, t 273 1 28'9 6 287 1 2782

-1 364 -1 141 -0 9c2 -6; 10 G 879 1 0i0 1 274 2 607
276 1 279 5 282 0 28Q 0 204 6 281 P 278 7 270 2

-1 364 -1 141 - 96; -" ' 0 879 1 090 1 274 2 607
286 7 290 1 092 ' - 095 4 S9P 9 8  3 280 4
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-1 364 -1 141 -0 962 -0 510 0 879 1 090 1 274 2 607
297 4 300 9 303 5 310 8 306 3 30;1 P 300 1 290 9

-1 364 -1 141 -0 962 -0 510 0 879 1 0O 1 274 2 607
290 0 293 4 295 9 303 1 298 6 29t, 2 292 6 283 7

-1 364 -1 141 -0 962 -0 510 0 879 1 090 1.274 2 607

300 7 304 2 306 8 314 0 309 5 306 0 303 4 294 2

-1 364 -1 141 -0 962 -0 510 0 879 1 090 1 274 2 607
311 5 315 1 317 6 324 9 320 4 316 9 314 3 304 7

-1 339 -1 077 -0 859 -0 033 0 756 1 010 1 236 3 109

250 1 254 5 257 8 2b6 8 261 2 256 0 253 5 243 6

-1 339 -1 077 -0 859 -0 033 0 756 1 018 1 236 3 109
260 3 264 8 268 2 277 2 271 6 267 V 263 8 253 6

-1 339 -1 077 -0 859 -0 033 0 756 1.018 1 236 3 109
270 6 275 1 278 5 287 7 282 0 277 5 274 1 263 6

-1 339 -1 077 -0 859 -0 033 0 756 1 Ot 1 236 3 109
262 6 267 1 270 4 279 4 273 8 269 4 266 1 255 9

-1 339 -1 077 -0 859 -0 033 0 756 1 O 1 236 3 109
272 8 277 4 280 8 289 9 284 2 279 0 276 4 265 9

-1 339 -1 077 -0 859 -0 033 0 756 1 018 1 236 3 109
283 2 287 9 291 2 300 4 294,7 290. 286 7 275 9

-1 339 -1 077 -0 859 -0 033 0 756 1 018 1 236 3 109
275 1 279 7 283 0 292 1 206 5 282 0 278 6 268 2

-1 339 -1 077 -0 859 -0 033 0 756 1 018 1 236 3 109
285 4 290 1 293 5 302 6 296 9 292 A 289 0 2782

-1 339 -1 077 -0 859 -0 033 0 756 1 010 1 236 3 109
295 8 300 5 303 9 313 2 307 4 30;' 9 299 4 288 3

-1 339 -1 077 -0 859 -0 033 0 756 1010 1 236 3 109
288 7 293 3 296 7 305 8 300 1 29!1 6 292 2 281 4

-1 339 -I 077 -0 859 -0 033 0 756 1 )1 I 236 3 109
29q 1 303 7 307 1 316 3 310 6 306 1 302 6 291 5

-1 339 -1 077 -0 859 -0 033 0 756 11E 12 36 3 109
309 5 314 1 317 5 326 8 321 1 316 5 313 0 301 6
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10
4 4 3 8

0 000 220 940 613 641 864 682
260 00 273 00 286 00 300 00
-60 00 0 00 60 00

-1 560 -1 560 -1 557 1 553 1 554 1 ,550 1 557 1 560
248 9 248 9 2489 248 9 248 9 248'1 248 9 248 9

-1 560 -1 560 -1 557 1 553 1 554 1 5,4 1 557 1 560
259 8 259 8 259 8 259 8 259 8 259 9 259 8 259 8

-1 560 -1 560 -1 557 1 553 1 554 1 55A 1 557 1 ,60
270 8 270 8 270 8 2708 270 8 2700 270 8 270 8

-1 560 -1 560 -1 557 1 553 1 554 1 : 1 557 1 560
261 7 261 7 261 7 261 7 261 7 261 7 261 7 261 7

-1 560 -1 560 -1 557 1 553 1 554 1 5b4 1 557 1 560
272 6 272 6 272 6 272 7 272 7 27P 7 272 6 272 6

-1 560 -1 560 -1 557 1 553 1 554 154 1 557 1 560

283 7 283 7 283 7 283 7 293 7 283 7 283 7 2837

-1 560 -1.560 -1 557 1 553 1 554 1 !bAJ I 557 1 560
274 5 274 5 274 5 274 5 274 5 27-1 274 5 274 5

-1 560 -1 559 -1 557 1 553 1 554 1 !,4 1 557 1 560
285 5 285 5 285 6 285 6 205 6 28t 6 285 6 285 5

-1 560 -1 560 -1 557 1 553 1554 1M.'4 1557 1 560
296 7 296 7 296 7 296 7 296 7 296 7 296 7 296 7

-1 560 -1 560 -1 557 1 553 1554 1 554 1557 1 560
288 4 298 4 288 4 288 4 288 4 21U 4 288 4 288 4

-1 560 -1 560 -1 557 1 553 1 554 1 ','4 1 557 1 560
2995 299 5 296 9 996 99 6 99 299 6 299 5

1 560 -1 560 -1 557 1 953 1 554 1 MA 1 557 1 560
310 7 310 7 310 7 31C 8 310 8 310 0 310 7 310 7

-1 445 -1 320 -1 226 -1 033 1 185 1 '91 1392 2 084
249 5 250 6 251 4 253 2 6 252 1 251 0 250 2 246 5

-1 445 -1 320 -1 226 -1 '33 1 185 I "1) 1 392 2 084
260 5 261 6 262 4 64 7 263 1 26;

' 
0 2612 257 3

-1 445 -1 320 -226 I i 1 185 I 1I 1392 2084
27115 67 74 1 17,, 1172 1 268
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-1 445 -1 320 -1 226 -1 033 1 185 ;'VJ 1 392 2 084
262 4 263 4 264 3 266 5 264 9 263 8 263 0 259 2

-1 445 -I 320 -1 226 -1 033 1 185 1 L'l 1 392 2 084
273 3 274 4 275 3 2776 276 0 27A ? 274 0 270 0

-1 445 -1 320 -1 226 -1 033 1 185 ; 91 1 392 Z 084
284 4 285 6 286 5 288 8 287 1 286 0 2851 280 9

-1 445 -1 320 -1 226 -1 033 1 185 1' 1 392 2 084
275 2 276 3 277 2 279 5 277 9 276 7 275 9 271 8

-1 445 -1 320 -1 226 -1 033 1 185 1 L,1 1 392 2 084
286 3 287 4 288 3 290 7 209 0 287 9 287 0 282 8

-1 445 -1 320 -1 226 -1 033 1 185 1 ;I'l 1 392 2 084
297 5 298 6 299 6 301 9 300 3 299 1 298 2 293 8

-1 445 -1 320 -1 226 -1 033 1 185 1 21 1 392 2 084
289 1 290 3 291 2 293 5 291 9 290 7 289 8 285 6

-1 445 -1 320 -1 226 -1 033 1 185 1 291 1 392 2 084
300 3 301 5 302 4 304 8 303 1 301 9 301 0 296 6

-1 445 -1 320 -1 226 -1 033 1 185 1 ;"l 1 392 2 084
311 5 312 7 313 7 316 1 314 4 31t1 2 312 2 307 7

-1 364 -1 141 -0 962 -0 510 0 879 I 090 1 274 2 607
250 2 252 4 254 0 258 1 255 3 25:j 1 251 4 244 8

-1 364 -1 141 -0 962 -0 510 0 879 1 09(, 1 274 2 607
261 1 263 4 265 1 269 2 266 3 264 Z' 262 4 255 5

-1 364 -1 141 -0 962 -0 510 0 879 1 (90 1 274 2 607
272 1 274 4 2762 280 4 277 5 27b , 273 5 266 2

-1 364 -1 141 -0 962 -0 510 0 879 1 OW0 I 274 2 607
263 0 265 2 266 9 271 1 268 2 26& 0 264 3 257 3

-1 364 -1 141 -0 962 -0 510 G 879 1 W'i( 1 274 " 607
274 0 276 3 278 0 282 3 279 3 Z7, i 275 3 268 1

-1 364 -1 141 -0 962 -0 510 0 879 1 1 274 2 607
285 1 287 4 289 2 293 6 2100 5 28 : 286 5 278 9

-1 364 -1 141 -0 962 -0 510 0 879 1 (,'/ 1 274 2 607
275 9 278 2 279 9 204 1 281 2 27", 0 277 2 269 9

-1 364 -j 141 -0 962 -0 510 0 879 2 274 6 607
287 0 28

q 
3 291 1 295 4 292 4 29> .188 3 280 7
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-1 364 -1 141 -C 962 -0 510 0 8I-; 1 90 1 274 .2 607
298 2 300 6 30.2 4 300 8 303 7 301 4 299 6 291 6

-1 364 -1 141 -0 9o2 -0 510 0 879 I (00 274 2 607
289 8 292 2 .94 0 .298 3 295 3 29.' 0 291 2 283 5

-1 364 -1 141 -0 962 -0 510 0 879 1 0",0 1 274 2 607
301 0 303 4 305 2 309 7 306 6 30A F 302 4 294 5

-1 364 -1 141 -0 962 -0 510 0 879 1 ("'o 1 274 2 607
312 2 314 7 316 5 321 0 317 9 311., 313 7 305 4

-1 339 -1 077 -C 859 -0 033 0 75c 1 Ot 1 236 3 109
249 8 252 7 254 9 260 I !56 5 25 7 251 5 243 5

-1 339 -1 077 -0 859 -0 033 0 756 1 O10 1 236 3 109

260 8 263 7 265 9 271 2 267 5 26 262 5 254 2

-1 339 -1 077 -0 859 -0 033 0 756 1 O11 1 236 3 109

271 7 274 7 277 0 282 3 278 6 27, V 273 5 264 8

-1 339 -1 077 -0 859 -0 033 0 756 1 O1J 1 236 3 109
262 6 265 6 267 8 273 0 269 4 2666 264 3 256 0

-1 339 -1 077 -0 859 -0 033 0 756 1010 1 236 3 109
273 6 2766 278 8 2842 2 0 4 277 6 275 3 266 7

-1 339 -1 077 -0 859 -0 033 0 756 1 W1I 1 236 3 109

284 6 287 6 289 9 295 3 291 5 2803 7 286 3 277 3

-1 339 -1 077 -0 859 -0 033 0 756 1 (lit, 1 236 3 109
275 278 4 280 7 286 0 232 3 279 , 277 2 268 5

-1 32
,  

-1 077 -0 859 -0 033 0 756 1 010 1 236 3 109
286 4 289 5 291 7 297 2 293 4 290 288 2 279 2

-1 339 -1 077 -0 85 -0 033 0 756 Oil 1 236 3 109
297 4 300 5 302 8 308 4 304 5 30) , 299 2 289

-1 339 -1 077 -C. 859 -0 033 0 756 1 (1 1 236 3 101
289 2 292 3 24 6 300 0 296 2 29L, 11 291 0 2820

-1 339 -1 077 -0 859 0 033 0 756 101 1 236 3 109
3002 303 4 305 7 311 2 307 4 304 A 302 0 29 7

-L 339 -1 077 -0 859 -0 033 0 756 1010 1 236 3 109
311 2 314 4 316 7 3-2 3 318 4 311.- 313 0 303 4
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4 4 3 8
0 000 220 940 613 641 864 682

260 00 273 00 286 00 300 00
-60 00 0 00 60 00

-1 560 -1 560 -1 557 1 553 1 554 1 554 1 557 1 560

250 0 250 0 250 0 250 0 250 0 250 0 250 0 250.0

-1 560 -1 560 -1 557 1 553 1 554 1 MA 1 557 1 560
259 7 259 7 259 7 259 7 259 7 259 7 259 7 259 7

-1 560 -1 560 -1 557 1 553 1 554 1 5[,d 1 557 1 560
269 5 269 5 269 5 26q 5 2695 26y 5 269 5 269 5

-1 560 -1 560 -1 557 1 553 1 554 1 "1 1 557 1 560

262 8 262 6 262 6 262 7 262 7 26 7 262.7 262 6

-1 560 -1 560 -1 560 -1 557 1 553 1 !)5 1 557 1 560

272 4 272 4 272 4 272 4 272 4 272 4 272.4 272.4

-1 560 -1 559 -1 557 1 553 1 554 1 ':,! 1 557 1 560
282 4 282 4 282 4 282 4 282 4 282 4 .282 4 282 4

-1 560 -1 559 -i 559 -1 557 1 553 1 55 1 557 1 560
275 3 275 4 275 4 275 4 275 4 27,. 4 275 4 275 4

-1 560 -1 559 -1 559 -1 557 1 553 1 5A4 1 557 1 560
285 3 285 3 285 3 285 3 285 3 28, 3 285 3 285 3

-1 560 -1 560 -1 557 1 553 1 554 1 ',56 1 557 1 560

295 4 295 4 295 4 295 4 295 4 295 4 295 4 295 4

-1 560 -1 560 -1 559 -1 557 1 553 1 554 1 557 1 560
289 2 289 2 289 2 289 2 289 2 2892 289 2 289 2

-1 560 -1 560 -1 557 1 553 1 554 1 !,54 1 557 1 560

29q 3 299 3 399 3 3 299 293 29'e 3 299 3 299 3

-1 560 -1 560 -1 557 1 553 1554 1 !,:,4 1557 1 560
309 4 309 4 309 5 3C 5 309 5 30Y 5 309 5 309 4

-1 445 -1 320 -1 226 -1 033 1 18! I 2/; 1 392 2 084
250 6 251 9 252 9 255 7 253 7 25' 7 251 4 247 8

-1 445 -1 320 -1 226 -1 031 1 185 1 7:' 1 392 2 084
260 4 261 7 262 7 265 8 263 6 262 6 261 2 257 5

-1 445 -I 320 -1 226 -1 C33 1 185 1 ?2 392 2 084
27C 2 271 5 272 8 275 5 273 4 27: 271 0 261
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-1.449 -1 320 -1 226 -1 033 1 199 1.271, 1 392 2.094
J 263.3 2646 265 6 268 5 266 26, b 264.1 260.4

-1 445 -1. 320 -1 226 -1 033 1 189 1.27;' 1. 392 2.084
273. 1 274 4 275. 5 278 4 276. 4 275,. 3 273, 9 270 1

-1 445 -1.320 -1 226 -1 033 1 19 1. ;72 1. 392 2 084
283 1 24 4 285 5 28 5 286.4 20,. 3 283.9 279.9

-1.449 -1.320 -1 226 -1 033 1 185 1.27;. 1.392 2.084
276 1 277 4 278 4 281 3 279.3 279.3 276 9 273.0

-1 449 -1. 320 -1 226 -1 033 1 189 I 27' 1 392 2 084
296 0 27 4 289 5 291 4 289.3 28 3 286 9 292.8

-1 445 -1 320 -1 226 -1 033 1 189 1. :!-/v 1 392 2 084
296 2 297,5 298 6 301 6 299.5 29 4 2970 292.7

-1 445 -1 320 -1 226 -1 033 1.189 1 272 1 392 2-084
290 0 291 3 292.4 295 3 293.3 292. 2 2909 286.7

-1 445 -1 320 -1 226 -1 033 1 18M 1. P91 1 392 2 084
300. 1 301 4 302 6 305 5 303,4 30. 0 300.9 296.6

-1 445 -i 320 -: 226 -J 033 1 199 1. V/;! 1 392 2. 04
310 2 311 6 312 7 315 7 313 6 312 !, 311 1 306 7

-1 364 -1 141 -0 962 -0 510 0 879 I o'.' 1.274 2.607
251 4 294 1 256 2 261 4 257 9 25t .1 253 0 246 3

-1 364 -1 141 -0 962 -0 510 0 979 1 ("10 1.274 2 607
261 1 263 9 266 0 271 4 267 7 2649 262 8 255 9

-1 364 -1 141 -0 962 -0 510 0 879 1 090i 1 274 2.607
271 0 273 3 276 0 281 4 277 7 274.0 272 6 265.4

-1 364 -1 141 -C 962 -0 510 0 879 1090 1 274 2 607
264 1 266 8 ,Oe 9 214 3 270 6 267 0 265.7 296 8

-1 364 -1 141 -' 962 -C, 510 0 979 1 090 1 274 2 607
273 9 276 7 .'-e Q 294 3 20 6 277 8 275 6 268 3

-1 364 -1 141 -C 4L2 -C 510 0 879 I 00 1 274 2 607
23 9 2868 ;.- 0 ZQ4 5 2907 297 8 25 6 270 0

-1 364 -1 141 -C 962 -O 510 0 879 1 DI0 1 274 2 607
276 3 279 6 let8 28' 2 293 5 2 7 278 5 271 2

-1 3&4 -1 141 -. Qe" 1 510 0 879 1 0,0 1 274 2 607
286 8 289 7 Z. "4 293 6 290 28 5 280 9
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-1 364 -a. 141 -0 962. -0 510 0.879 1 090 1.274 2.607
297.0 299.9 302.1 307 7 303.9 302.0 298.7 290.8

-1 364 -1. 141 -0 962 -0 510 0.879 1.0100 1.274 2.607
290 8 293,6 295.8 301 3 297 5 294.7 292.4 284.8

-1 364 -1. 141 -0 962 -0 510 0.879 1.090 1.274 2.607
300 9 303.8 306.1 311.6 307.8 304.9 302.6 294.7

-1 364 -1 141 -0 962 -0 510 0.879 1.090 1.274 2.607
311 0 314 0 316.3 321 9 319.0 315. 1 3128 304.6

-1 339 -1 077 -0 859 -0 033 0 756 1 (IE 1 236 3 109
250 8 254.5 257 3 264 1 259.4 25t, 0 253.0 244 8

-1 339 -1 077 -0 859 -0 033 0 756 1.018 1 236 3. 109
260 6 264.3 267 2 274 0 269.3 265 7 262.A 254 3

-1 339 -1 077 -0 859 -0 033 0. 756 1 018 1 236 3. 109
270 3 274. 1 277. 0 284 0 279. 2 275. 5 272. 5 263. 8

-1 339 -1 077 -0 859 -0 033 0. 756 1 01e 1 236 3. 109
263 5 267. 2 270. 1 276. 9 272. 2 26& 6 265. 7 257.2

-1 339 -1 077 -0 859 -0 033 u 756 1 010 1 236 3 109
273 2 277.0 279 9 286 8 282.1 27E 4 275 5 266.7

-1 339 -1 077 -0 859 -0 033 0 756 1 010 1 236 3 109
283 0 26 9 289 8 2961 0 2920 28 3 295.3 276 2

-1 339 -1 077 -0 859 -0 033 0 756 I.OJ0 1 236 3 109
276 1 279 9 282 0 289 7 284.9 281 1 278 4 269 6

-1 339 -1 077 -0 959 -0 033 0 756 1 (Ile 1 236 3 109
205 9 269 8 292 7 299 7 294 9 291 " 268.2 279.1

-1 339 -1 077 -0 659 -0 033 0 756 1 01E 1236 3,109
295 299 7 302 6 309 7 304 8 301 1 298 1 28 7

-1 339 -1 077 -0 859 -0 033 0 756 I (W! 1 236 3 109
289 8 293 7 296 6 303 5 298 7 ;!qt. (, 292 1 283 0

-1 339 -1 077 -0 959 -0 033 0 756 1 WO 1 236 3 109
299 7 303 6 306 5 313 6 306 7 304 '? 301 9 292 5

-1 339 -1 077 -01959 0 033 01756 1 110 1236 3 109
309 5 313 4 31 4 323 5 318 6 314 (4 311 8 302 1
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.13

4 4 3 8

o000 220 940 613 641 641 682

260.00 273.0 0 286. 00 300.00

-60.00 0.00 60.00

-1. 560 -1. 560 -1. 557 1. 553 1. 554 1. b54 1.557 1.560

248. 9 249. 9 248. 9 248.9 248.9 248. 9 248. 9 248. 9

-1. 560 -1. 560 -1. 557 1 553 1.554 1. 5,t4 t 557 1. 560

259,8 259 8 259,8 259 8 259 8 259 .) 259. 8 259 8

-1. 560 -1. 560 -1 557 1.553 1.554 1. 5V.4 1.557 1.560

270. 8 270 8 270. 9 270 B 270.8 270. E 270. 0 270 8

-1.560 -1.560 -1.557 1.553 1.554 1. bb4 1.557 1.560

261.7 261.7 261 7 2617 261.7 261.7 261.7 261.7

-1.560 -1.560 -1 557 1.553 1.554 1. 554 1.557 1.560

272. 6 272.6 272. 6 272. 7 272. 7 27V. 7 272. 6 272 6

-1. 560 -1. 56 -1. 557 1.553 1.554 1. bb4 1.537 1.560

283.7 293 7 283 7 283.7 203.7 26'%.7 293 7 283.7

-1.560 -1.560 -1.557 2 553 1 5 1.b5 1 547 1 560

274 5 274.5 274.5 274.5 274.5 274.5 274.5 5

-1. 560 -1. 559 -1 557 1.553 1.554 1. !,,4 1 557 1.560

285 5 25.5 295. 6 25 6 295.6 295,6 285.6 2ft 5

-1560 -1560 -1 557 1 553 1.554 1 to" 1 557 1. 5O
2967 2967 296.7 296 7 296.7 296. 7 296.7 296 7

-1 560 -1 560 -1 557- 1 553 1 554 1 N.,4 1 557 1 560

296 4 288 4 208 4 288 4 26 4 26i 4 26 4 288 4

-1 560 -1 560 -1 557 1 553 1 554 1 !.".A 1 537 i 560

299 5 299 5 299 6 299 6 299 6 29c
o 6 29 6 299 5

-1 560 -1 560 -, 557 1 553 1 554 1 1A,,0 1 557 1 560

310 7 310 7 310 7 310 a 310 8 310U 310 7 310 7

-1 445 -1 320 -1 226 -1 033 1 195e ;"t 1 392 2 084

249 5 250 6 251 4 253 6 252 1 25J 0 20 2 246 5

-J 443 -1 320 -1 226 -1 033 1 185 I I-I1 1 392 2 084

260 5 261 6 2624 264 7 263 1 26;' 0 261 2 257 3

- 445 -1 320 -t 226 -1 033 I 185 ;"9 1 3 2 S 2 0tA

2-71 5 272 6 273 5 2757 274 1 270 272 I 2662
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-1.445 -1.320 -1.226 -1.033 1.165 1.29 1.392 2.04

262. 4 263.4 264. 3 266.5 264.9 263. 0 263. 0 2". 2

-1.445 -1.320 -1.22& -1.033 1. 165 1.21/1 1. 392 2, 04

273. 3 274.4 275.3 277.6 276.0 274.9 274.0 270.0

-t. 445 -1.320 -1. 226 -1. 033 1.185 1.271 1.392 2,084

264. 4 265. 6 266. 5 288.8 267. 1 266. 0 205 1 20. 9

-1.445 -1.320 -1.226 -1. 033 1.185 1.291 1.392 2.04

275. 2 276. 3 277.2 279. 5 277.9 276. 7 275.9 271.6

-1.445 -1.320 -1.226 -1 033 1.165 1. :'/I 1.392 2,084

266 3 267.4 28.3 290.7 209.0 267.9 287.0 262.8

-1.445 -1.320 -1 226 -1.033 1.185 1. M1 1.392 2.094

297. 5 298.6 299. 6 301.9 300. 3 297. 1 296. 2 293. 8

-1.445 -1.320 -1,226 -1.033 1.105 1.291 1.392 2.084

269. 1 290.3 291.2 293 5 291.9 290.7 269.6 205.6

-1,445 -1.320 -1.226 -1.033 1 165 1. L.91 1.392 2.064

300. 3 301. 5 302.4 304.6 303. 1 301.9 301.0 296.6

-1.445 -1.320 -1. 226 -1.033 1. 165 1. P71 1,392 2 084

311. 5 312.7 313.7 316. 1 314.4 313.2 312. 2 307.7

-1 364 -1. 141 -0.962 -0.510 0.079 1.090 1.274 2.607

250.2 252.4 254.0 259. 1 255.3 253. 1 251.4 244.6

-1,364 -1. 141 -0.962 -0. 510 0.879 1.070 1.274 2.607

261 1 263.4 265. 1 269.2 266.3 264.2 242.4 255.5

-1 364 -1. 141 -0 962 -0. 510 0 879 1. 070 1.274 2 607

272. 1 274.4 276.2 204 277.5 275. 2 273.5 266.2

-1,364 -1. 1.41 -0 962 -0 510 0.679 1 0ol0 1.274 2 607

263 0 265.2 266.9 271 1 260.2 266. 0 264.3 257 3

-1 364 -1 141 -0.962 -0 510 01S79 1 070 1 274 2 607

274 0 276 3 278.0 262 3 279.3 277.1 275.3 26 1

-1.364 -1. 141 -0,962 -0 510 09879 1 010 1.274 2607

265 1 287.4 269.2 293 6 290.5 28. 3 206 5 27.9

-1.364 -1. 141 -0.962 -0. 51C 0 .79 1. 070 1 274 2.607

275.9 27.2 279.9 264 1 21.2 279. 0 277.2 269,9

-1 364 -1 141 -0 962 -0 510 0.679 1.07/0 1 274 2.607

287 0 289 3 291 1 295 4 292 4 290.1 296 3 20 7
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-1 364 -1 141 -0 962 -0 510 0.879 1.090 1.274 2.607
299 2 300.6 302 4 306 8 303.7 301.4 29.6 291.6

-1 364 -1 141 -0 962 -0 510 0.879 1. 090 1. 274 2.607
296 292 2 294.0 298 3 295. 3 29.0 291 2 203.5

-1.364 -1 141 -0 962 -0.510 0.979 1. 090 1.274 2.607
301 0 303 4 305 2 309 7 306.6 304.3 302. 4 294 5

-1 364 -1 141 -0 962 -0 510 09879 1. 0t9o 1.274 2.607
312 2 314.7 316. 5 321 0 317.9 31. , 313.7 305 4

-1 339 -1 077 -0 959 -0 033 0 756 1. Oirl 1 236 3 109
249 8 252 7 254 9 260 1 256. 5 25Z3. 7 251,5 243. 5

-1 339 -1. 077 -0 859 -0 033 0. 756 1.018 1.236 3. 109
260 S 263.7 265 9 271.2 267.5 264.7 262.5 254.2

-1 339 -1 077 -0 959 -0 033 0,756 1.010 1.236 3. 109
271 7 274.7 277.0 2923 278.8 27 ,. 0 273.5 264.8

-1 339 -1 077 -0 059 -0.033 0.756 1.018 1.236 3. 109
262 6 265 6 267.8 273 0 269.4 266.6 264.3 256.0

-1 339 -1 077 -0 059 -0 033 0 756 1.028 1,236 3 109
273 6 276 6 279 9 284 2 290 4 277.6 275 3 266. 7

-1.339 -1. 077 -0 859 -0,033 0.756 1.018 1.236 3 109
284 6 287.6 289.9 295 3 291. 5 2W. 7 296.3 277 3

-1 339 -1 077 -0 959 -0 033 0. 756 1. 01 1.236 3 109
275 4 278,4 200.7 296 0 282.3 279 5 277 2 260 5

-1 339 -1 077 -0859 -0 033 0 756 1.018 1.236 3 109
286 4 289,5 2917 297 2 293.4 290 290 2 279.2

-1 339 -1 077 -0 959 -0 033 0.756 1 08 1.236 3 109
29- 4 300 5 302 8 309 4 304 5 301 6 299.2 209 9

-1 339 -1 077 -0 859 -0 033 0 756 1 02[0 1 236 3 109
289 2 292 3 294 6 300 0 296.2 291 4 291 0 282 0

-1 3"9 -1 077 -0 959 -0 033 0.756 1 01e 1 236 3 109
3002 303 4 305S7 311 2 307 4 304.4 302 0 292 7

-: 339 -1. 077 -0 959 -0 033 0 756 1 Ol1 1 236 3 109
311 2 314 4 316,7 322 3 319 4 31t, ! 313 0 303 4
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APPENDIX 3

Test Cases

Two test cases are presented and described herein. They were run on a
small section of the Brooks Range scene. Measured data from Daedalus exists
for this scene. All GENESSIS input parameters were selected to match the
conditions present at the time of Daedalus data acquisition in order that
the computed results may be compared with the measured data.

A.3.1. Test Case I - Brooks Range (Thermal Band)

A.3.1.1 Atmospheric Module

Display of input file (Fortran Unit 7) for Brooks Range thermal
band.

1) 3 16.76 10.4 12.5

2) 1 1 1 1 0 0 0 23.0
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Display of atmospheric diagnostic output file (Fortran Unit 6).
Selected standard atmosphere is represented parametrically for 5 zenith
angles and 6 altitudes. Air masses are computed using the Chapman function.

RESULTS FOR BACKGROUND ALTITUDE - 0 KM

APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

0. 0 1.0 1 299E-04 8 875E-O1

SOLAR
ZA AN REFLECTED SOLAR
0.0 1.0 2 551E-05

48.2 1.5 2 433E-05
70. 3.0 2. 117E-05
80.5 8.0 1. b1SE-05
86.0 12.0 8. 773E-06
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 0. 0
DEGREE OF BEST FIT POLYNOMIAL. 4
SUM SQUARE ERROR 1 091E-1O

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
48.2 1. 5 1 807E-04 8 427E-01

SOLAR
ZA AM REFLECTED SOLAR
0. 0 1. 0 2. 434E-05

48.2 1. 5 3. 324E-05
70. 8 3. 0 2 027E-05
80 8 6. 0 1 550E-05
86.0 12 0 8 440E-06
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE a4. 2
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: I. 455E-10

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
70 9 3.0 3 093E-04 7 282E-01

SOLAR
ZA AM REFLECTED SOLAR
0.0 1. 0 2 122E-05

48 2 1 5 2 031E-05
708 3 0 1. 780E-05
90.9 6 0 1 368E-05
86. 0 12. 0 7. 5OIE-Ob
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 70. S
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR I 592E-t0
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OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
909 6. 0 5 039E-04 5 517E-01

SOLAR
ZA AM REFLECTED SOLAR
O 0 1.0 1.624E-05

48 2 1. 5 1. 557E-05
70.8 3.0 1. 372E-05
90.9 6.0 1.064E-05

i 86. 0 12.0 5.902E-06
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 80. 8
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 1 355E-10

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
86.0 12.0 7 751E-04 2.969E-01

SOLAR
ZA AM REFLECTED SOLAR
0.0 1.0 8.858E-06

48.2 1. 5 8. 517E-06
70. 8 3.0 7. 557E-06
80. 8 6. 0 5. 928E-06
86.Q 12.0 3. 348E-06
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 86. 0
DEGREE OF BEST FIT POLYNOMIAL. 4
SUM SQUARE ERROR: 1. 455E-10

ZENITH ANGLE SKYSHINE (W/CM**2/SR)

15 1. 034E-04
45 1. 36SE-04
75 3. 175E-04

PATH TRANSMISSION
DEGREE OF BEST FIT POLYNOMIAL. 4
SUM SQUARE ERROR: 1-140E-12

PATH RADIANCE
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR B 527E-11
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RESULTS FOS BACKGROUND ALTITUDE 1 KM

APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
0. 0 1.0 7. 282E-05 9. 329E-01

SOLAR
ZA AM REFLECTED SOLAR
0.0 1.0 2.792E-05
48. 2 1. 5 2. 718E-05
70.8 3.0 2. 511E-05
80.8 6.0 2. 156E-05
86.0 12.0 1. 541E-05
REFLEC TED SOLAR
OBSERVER ZENNITH ANGLE - 4. 0
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 1.573E-10

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
48.2 1.5 1.023E-04 9 053E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1.0 2 719E-05
48.2 1. 5 2. 48E-O5
70.5 3.0 2. 450E-05
80.8 6. 0 2.1 07E-05
86 0 12.0 1, 509E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 48.2
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: I 091E-10

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
70.8 3 0 1. 791E-04 8 325E-01

SOLAR
ZA AM REFLECTED SOLAR
O0 0 1. 0 2. 517E-03

48.2 1 .5 2 454E-05
70.8 3.0 2. 278E-05
80.8 6.0 1 968E-03
86 0 12 0 1 416E-05
REFLEC TED SOLAR
OBSERVER ZENNITH ANGLE -, 70 8
DEGREE OF BEST FIT POLYNOMIAL. 4
SUM SQUARE ERROR. I I IOE-10
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OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
80.8 6.0 3. 046E-04 7 122E-01

SOLAR
ZA AM REFLECTED SOLAR
0. 0 1.0 2. 167E-05

48.2 1 5 2. 117E-05
70.8 3.0 1.974E-05
80.8 6.0 1.715E-05

86.0 12.0 1. 244E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 80. 8
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SGUARE ERROR: 9. 095E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
86.0 12 0 5. 155E-04 5. 071E-01

SOLAR
ZA! AM REFLECTED SOLAR
O 0 1. 0 1. 556E-05

48,2 : 5 1 523E-05
70 8 3 0 1 426E-05
80.8 6. 0 1. 249E-05
86. 0 12. 0 9. 172E-06
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE " 86. 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SGUARE ERROR. I 573E-10

ZENITH ANGLE SKYSHINE (W/CM**2/SR)

15 6 050E-05
45 8 039F-CS
75 1 922E-04

PATH TRANSMISSION
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR. i 222E-12

PATH RADIANCE
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 1 103E-10
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RESULTS FOR BACKGROUND ALTITUDE 2 Kri

APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

0 0 1.0 3.842E-05 9 61BE-01

SOLAR
ZA AM REFLECTED SOLAR
0.0 1.0 2.949E-05

48.2 1. 5 2 904E-05
70. 8 3 0 2. 777E-05
80. 8 6. 0 2. 551E-05
86. 0 12. 0 2. 131E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE 0. 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR: 1 473E-10

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
48 2 1. 5 5, 446E-05 9. 456E-01

SOLAR
ZA AM REFLECTED SOLAR
0. 0 1. 0 2. 906E-05

48. 2 1. 5 2. 162E-05
70. 8 3.0 2. 739E-05
80. 8 6.0 2. 520E-05
86.0 12.0 2. 107E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 4. 2
DEGREE OF BEST FIT POLYNOMIAL- 4
SUM SQUARE ERROR: 1 255E-10

OBSERVER

ZA AM PATH RADIANCE PATH TRANSMISSION

70 8 3 0 9 692E-05 9. 020E-01

SOLAR
ZA AM REFLECTED SOLAR
00 1 0 2. 783E-05

48 2 1. 5 2. 744E-05
70.8 3.0 2. 633E-05
so 8 6 0 2 428E-05

86 0 12 0 2 038E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 70 8
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR i IIOE-O
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OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSInN
80. 8 6. 0 1. 685E-04 8 278E-Ol

SOLAR
ZA AM REFLECTED SOLAR
0.0 1.0 2. 565E-05

48.2 1.5 2. 532E-05
70,8 3. 0 2,436E-05
s0 8 6.0 2.257E-05
86 0 12.0 1. 904E -05
REFLECTED SOLAR
OBSERVER ZENN'ITH ANGLE = 80 8
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR: 8 276E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

96. 0 12. 0 3. 002E-04 6 904E-01

SOLAR
ZA AM REFLECTED SOLAR

0. 0 1. 0 2. 151E-05
48 2 1. 5 2. 126E-05
70 8 3 0 2, 053E-05
90.8 6.0 1. 912E-05.
8.0 12.0 1. 627E-05

REFLECTED SOLAR
OBSERVER ZEINt'ITH ANGLE = 86 0
DEGREE OF BEST FiT POLYNOMIAL 4
SUM SQUARE ERROR. 1 455E-10

ZENITrl ANGLE SKYSHINE (W/CM**2/SR)

15 3 328E-05
45 4 445E-05
75 1 077E-04

PATH TRANSMISSION
DEGREE OF BEST FIT POLVNOMIAL 4
SUM SQUARE ERROR i -?94E-1.1

PATH RADIANCE
DEGREE OF BEST FIT P,7LVNrMIAL 4
SUM SQUARE ERROR 1 421E-10



RESULTS FOR BACKGROUND ALTITUDE 4

APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
00 1 0 8 949E-06 9 887E-O1

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 3 097E-05
48 2 1 5 3 OBOE-05
70 8 3.0 3 032E-05
80.8 6.0 2 945E-05
86 0 12. 0 2 777E-05
REFLEC TED SOLAR
OBSERVER ZENNITH ANGLE - 0 0
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR- 1 373E-10

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

48. 2 1. 5 1 300E-05 9 835E-01

SOLAR
ZA AM REFLECTED SOLAR
0.0 1.0 3.081E-05

48.2 1. 5 3 065E-05
70.8 3 0 3 019E-05
80 8 6. 0 2 933E-05
86.O 12.0 2.7bSE-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 48 2
DEGREE OF BEST FIT POLYNCMIAL 4
SUM SQUARE ERROR I 473E-10

OBSERVER
ZA AM PATH RADINCE PATH TRANSMISSION

70 8 3 0 2 429E-O' C 687E-01

SOLAR
ZA AM REF IE-TE, SOLAR
0 0 1 0 3 029E-O5

48 2 1 5 3 C,4E-05
70.8 3 0 2 981E-65
80 8 6 0 2 89E-05
86 0 12 0 n 740E-05
REFLECTED SOLAR
OBSERVER ZENNITH AW- 7o e
DEGREE OF BEST F17 pOLYNOMIAL 4
SUM SQUARE ERROR 455E-10
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OBSERVER
7A AM PATH RADIANCE PATH TRANSMISSION
bO 6 0 4 398E-05 9 426E-91

SOLAR
ZA AM REFLECTED SOLAR
0 0 1.0 2 961E-05

48 2 1. 5 2 948E-05
70 8 3 0 2 90SE-O5
808 6.0 2 833E-05
86. 0 12 0 2. 683E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 80 8
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR- I 774E-10

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
86 0 12. 0 8 283E-05 8 912E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1.0 2. 805E-05

48 2 1 5 2 794E-05
70 8 3.0 2 761E-05
80.8 6.0 2. 696E-05
86. 0 12. 0 2. 563E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 86. 0
DEGREE OF BEST FIT POLYNOMIAL. 4
SUM SQUARE ERROR: 1 692E-10

ZENITH ANGLE SKYSHINE (W/CM**2/SR)

15 8 786E-06
45 1 184E-05
75 2 964E-05

PATH TRANSMISSION
DEGREE OF BEST FIT POLNOMIAL 4
SUM SQUARE ERROR 9 663E-13

PATH RADIANCE
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 1 355E-10
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RESULTS FOR BACKGROUND ALTITUDE , 7 Ktj

APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
0 0 1.0 1 186E-06 9 975E-01

SOLAR
ZA AM REFLECTED SOLAR
0.0 1.0 3 147E-05

48.2 1 5 3. 141E-05
70. 9 3 0 3 125E-05
90.9 6.0 3.093E-05
86.0 12.0 3. 032E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - o. 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR: 1, SOE-I

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
46 ; 1. 5 1. 766E-06 9 963E-01

SOLAR
ZA AM REFLECTED SOLAR
0.0 1.0 3.143E-05
48.2 1,5 3.13SE-05
70. 8 3. 0 3. 1.11E-05
80. 8 6, 0 3 089E-05
86.0 12 0 3. 029E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 48.2
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR I 055E-10

OBSERVER
ZA AM PATH PADIANCE PATH TRANSMISSION
70. 8 3 0 - 532E-Oo 9 926E-01

SOLAR
ZA AM REFLECTED SOLAR
00 1 0 3 132E-05

48.2 1 5 3 1 6E-05
70. 3 0 :: flOE-05
80. 8 6. 0 3 070E-05
86 0 12 0 3 020E -05
REFLECTED SOLAR
OBSERVER ZENJ ITP AtjX F = 70 8

DEGREE OF 26ST FIT POLYNOMIAL 4
SUM SQUARE ERROR 9 095E-11
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OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
80. 8 6. 0 6. 98BE-06 9 855E-01

SOLAR
ZA AM REFLECTED SOLAR
0.0 1.0 3.IIOE-05
48.2 1 5 3. 105E-05
70.8 3.0 3. 089E-05
80. 8 6.0 3 059E-05
86.0 12.0 3.002E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 80. 8
DEGREE OF BEST!FIT POLYNOMIAL 4
SUM SQUARE ERROR' 6 366E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
86. 0 12. 0 1. 389E-05 9. 709E-01

SOLAR
ZA A REFLECTED SOLAR
0.0 1.0 3,064E-05

48. 2 1 5 3 059E-05
70 8 3 0 3 045E-05
80. 8 6 0 3.017E-05
86.0 12 0 2 963E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 86 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR: 1 473E-10

ZENITH ANGLE SKYSHINE (W/CM*02/SR)

15 I 714E-O6
45 2 337E-06
75 6 122E-06

PATH TRANSMISSION
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 5 25SE-13

PATH RADIANCE
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 1 892E-10
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RESULTS FOR BACKQROUND ALTITUDE , 10 KM

APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

1t 00 1.0 5.221E-07 9 987E-01

SOLAR
ZA AM REFLECTED SOLAR

0 0 1.0 3, 154E-05
48 2 1. 5 3. 150E-05
70 B 3.0 3 138E-05
80 8 6.0 3. 115E-05
86 0 12.0 3. 071E-05
REFLEC TED SOLAR
OBSERVER ZENNITH ANGLE - 0 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR: I 473E-10

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
48. 2 1. 5 7 821E-07 9 9SOE-01

SOLAR
ZA AM REFLECTED SOLAR
0'0 1.0 3. 152E-05

49 2 1 5 3. 148E-05
70 8 3.0 3 136E-05
809 60 3 113E-05
86. 0 12 0 3 069E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 48. 2
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR 1 573E-10

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

70 8 3 0 1 574E-06 9 960E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 3 146E-05

48 2 1 5 3 142E-05
70 8 3. 0 3. 130E-05
80 a 6. 0 3 107E-05
B6 0 12. 0 3 063E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 70 8

DEGREE OF BEST PIT POLYNOMIAL 4
SUM SQUARE ERROR I 091E-10
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OlERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
so 6.0 3 tSOE-6 9 919E-01

SOLAR
ZA AN REFLECTED SOLAR
0 0 1.0 3. 133E-05

43 2 1 5 3 129E-05
70 3 3.0 3. IE-OS
80. 6. 0 3. 095E-05
36.0 12. C 3. 052E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 80 9
DEGREE OF BEST FIT POLYNOMIAL 4
SUM 3GUARE ERROR: 9 913E-11

OBSE RVER
ZA AM PATH RADIANCE PATH TRANSMISSION
6. 0 12 0 6 612E-06 9 832E-01

SOLAR
ZA AM REFLECTED SOLAR
o 0 1.0 3. 106E-05

48. 2 1. 5 3 102E-05
70.8 3 0 3 091E-05
0. 8 6. 0 3. 069E-05

86.0 12. 0 3. 027E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 86. 0
DEGREE OF BEST FIT POLYNOMIAL. 4

SUM SQUARE ERROR: 1 573E-10

ZENITH ANGLE SKYSHINE (W/CM**2/SR)

15 1. 049E-06
45 1. 430E-06
75 3 752E-06

PATH TRANSMISSION

DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 9 948E-13

PATH RADIANCE
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR Z O1OE-10
FIT OF SKYSHINE TO ALTITUDE

DEGREE OF BEST FIT POLYNOMIAL 5
SUM SQUARE ERROR 323E-10
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Display of atmospheric module output database (Fortran Unit 5). Header
(Line 1) contains parameters used to generate the database. Lines 2-44
contain the coefficients of the polynomial curve fits to the computed
atmospheric values.

PRSCRA>DAPER>AMK. ATMSPH. OUT MON,. DEC 20 192 2J 04 4" PAE I

1)10.40 12.50 2 2 1 1 1 1 3 3 323.00
2) 6 4. 0 -4 59326E 00 -7. 09541E-02 -2 61340E-01 3 :1417E-01 -3 449M-01
3) 6 4 0 -4 ,1362E 00 -7 62383E-02 -2 60405E-01 3. 14EJ'M-01 -3 47019E-01
4) 8 4 0 -4 67320E 00 -7 18782E-02 -2. 5224E-01 3 0.IME-O! -3 41877E-01
5) 6 4.0 -4 78952E 00 -6 62978E-02 -2 53453E-01 3 15805E-Ol -3 46762E-0l
6) 6 4 0 -5 05269E 00 -8 0381E-02 -2 521&E-o 3. 2WIOE-01 -3 467§&E-01
7) 8 4 0 8 87542E-01 -2. 15883E-01 -2 02091E-01 -9 3'1966E-02 -4 260521E-03
8) 6 4. 0 -3. 98850E 00 9 24803E-01 -4 195771E-02 -7. 62;J31-02 2. 264361-02
9) 8 4 0 -4. 55402E 00 -4. 57499E-02 -1. 43330E-01 I &44C4E-01 -V @270E-01

10) 8 4.0 -4. 56554E 00 -4. 46329E-02 -1 41305E-01 1. 62373E-01 -1. 2544E-01
11) 8 4.0 -4 5991SE 00 -4 06432E-02 -1 43861E-01 1 71667E-01 -1 675171-01
12) 8 4 0 -4 66406E 00 -3 79587E-02 -3 33861E-01 I 5957SE-0] -1 0091SE-01
13) 6 4 0 -4 80799E 00 -3 36733E-02 -1 3488E9-01 1 7020E-01 -1 9M49ME-01
14) 8 4 0 9 32920E-01 -1 26791E-01 -1 7657E-01 5 ?7OPM(E-02 -1 15521E-01
15) 6 4 0 -4 13778E 00 8 43565E-01 -1 4311&E-02 -1 J 1(',1-0i 7 1069&E-02
16) 6 4.0 -4 53032E 00 -2 66672E-02 -7 54294E-02 7. "1416K-02 -9 00134E-02
17) 8 4 0 -4. 53676E 00 -2 67539E-02 -7. 15051E-02 7 4609E-02 -. 95482E-02
18) 8 4. 0 -4. 55553E 00 -2 33272E-02 -7 36055E-02 7. 80'94-02 -9. 05309E-02
19) 8 4. 0 -4 590941 00 -2 170351-02 -8 90229E-02 7. 7"063E-02 -9 0631E-02
20) 6 4 0 -4. 88727E 00 -1 96165E-02 -6 31279E-02 7- 1)46E-02 -& 671191-02
21) 6 4 0 9.61813E-01 -7 16439E-02 -1 29004E-01 9 99944E-02 -1 16057E-01
22) 6 4 0 -4 41546E 00 9 640301E-01 5 07067E-03 -1. 689E-01 1 169M6-01
23) 8 4 0 -4 50912E 00 -1 05611E-02 -1 63363E-02 1 1248E-02 -2 11925E-02
24) 8 4 0 -4 51124E 00 -9 79073E-03 -2 0022&E-02 I 38421E-02 -2. 22447E-02
25) 6 4. 0 -4 51722E 00 -8 939 6-03 -1 97986E-02 1 A$947E-02 -2. 1937E-02
28) 8 4 0 -4. 52956E 00 -6 10831E-03 -2 02461E-02 1. 7299O2-02 -2 37717E-02
27) 8 4.0 -4 552041 00 -7 07087E-03 -1 02674E-02 1 605-02E-02 -2. 2509W1-02
29) 8 4 0 9 965741E-01 -2 13511E-02 -5 30013E-02 4. 94079E-02 -5. 37432E-02
29) 8 4 0 -5 04821E 00 9 10515E-01 1. 14639E-01 -3. 51J54E-01 2. 15592E-0
30) 6 4 0 -4. 50207E 00 -3 436501-03 -8 5693JE-03 3. 07042 1-03 -6 44504E-03
31) 8 4 0 -4. 508OE 00 -3 45846E-03 -8 3960E-03 2. 97737E-03 -8 42003E-03
32) 6 4 0 -4. 504211 00 -3 381411E-03 -5 53514E-03 1. 37477E-03 -5 4952@E-03
33) 8 4.0 -4. 50724E 00 -3 39597E-03 -4 37231E-03 -5. 87"97E-04 -4 31431E-03
34) 6 4 0 -4. 5136E 00 -2. 92654E-03 -6 3406E-03 3. 900211-03 -6 4135 E-03
35) 8 4 0 9 97527E-01 -4.79561E-03 -1 34789E-02 I JO,-'E-02 -1 453M61-02
36) 8 4 0 -5 92579E 00 9 46583E-01 2 002401-01 -5. 10162 -01 2 672 4E-01
37) 8 4 0 -4 50110E 00 -2. 32612E-03 -5 173291-03 2 93591E-03 -S 05607E-03
38) 6 4.0 -4 50139E 00 -2.36292E-03 -4 92426E-03 2. 69367E-03 -5 001 12E-03
39) 6 4 0 -4 50228E 00 -2 44486E-03 -4 279OE-03 I 76970E-03 -4 56799E-03
40) 8 4.0 -4 50402E 00 -2 20475E-03 -4 94241E-03 2 55E-03 -4. 79402 -03
41) 6 4 0 -4 50785E 00 -2. 2131E-03 -4 49M9-03 1 91E-03 -4 3155E-03
42) 8 4 0 9. 91977E-01 -2. 86467E-03 -8 77741E-03 5 479,41-03 -8 54136E-03
43) & 4 0 -6 29225E 00 9 85047E-01 8 91497E-02 -1 39739E-01 9 35264E-02
44) 7 5 0 -3. 26326E 00 I 36249E-01 -8 0680 00 1 6.' 7E 01 -2 47246E 01 1 19027f 01
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A.3.1.2 Geometric Module

Display of input file (Fortran unit 13).

1) F
2) 1. 100
3) 0. EO -149. 5E0 87. 78E0
4) 1 9 1982 2210.00
5) 18. 76E0 -149. 5E0 87. 78E0
6) 100 100
7) . 0025E0 . 0025E0
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Hex display of the binary shadow map (Fortran Unit 11).

FFFF F-rF *4FF F FL :cCx) CO"0 )00..C0- 0 10-10 0000 0000
FFFF FFFF ; PFF FF'.E 7)000 0000 00L'00 1002 uCO 00,00 0000 0000
FFFF FFFF F FFF F'.FC 0000 0000 0000 0000 00,00 0000 0000 0000
FFFF FFFF FFVF FFFC 0000 0000 0000 0000 0000 C000 0000 0000
FFFF FFFF FFFF FFF8 0000 0000 0000 0000 0000 0000 0000 0000
FFFF FFFF .FFF FFF8 0000 0000 0000 0000 0000 COX0 0000 0000
FFFF FF.FF 4-FF FFO-I) vj00 0000 O00U 0000 vO00 0000 0000 0000
FFFF FFFF rr;FF PF *o0 0000 Ooo 0 oo0 :000 -00000> 0000 0000
FFFF FFIrF PFF FFO --- 000 .000 - 700) 0000 0000 0000
FFFF FFFF FFFF FtF8 0 0000 0000 '000 jOQO 0000 0000 0000
FFFF FFFF FFFF FFFS W00O 000 cooc -:000 :000CJ OCOO 0000 0000
FFFF FFFF FFrF FFFO 0000 0000 0000 '000O 0000 0000 0000 0000
FFFF FFFF F;FF FFEO 0000 0000 0000 '000 0000 0000 0000 0000
FFFF FFFF FFFF Fp180 ;000 0000 0000 ;000 0000 0000 0000 0000
FFFF FFFF Fi:FF FFt-; 0000 0000 0000 0000 0000 0000 0000 0000
FFFF FFFF FFFF FFFS 0000 0000 0000 0000 0000 0000 0000 0000
FFFF FFFF FFFF FFFC 0000 COO0 0000 0000 0000O 0000 0000 0000
FFFF FFFF WFFF FF1-C )000 0000 0000 "1000 0000 0000 0000 0000
FFFF FFFF WFWF FF.F '000 00,00 0000, "000 C00j" C03:0 0000 0000
FFFF FFFF PFFF FFFF 0000 0000 0000 : 000 00o00 C0 0000 0000
FFFF FFFF FFFF FFFF a010 0000 0000 00M0 0000 C000 0000 0000
FFFF FFFF FFFF FFF7 E81F 8800 0000 0000 0000 0000 0000 0000
FFFF FFFF PFFF FP-F7 FCIF OCOO 0000 0000 0000 0000O 0000 0000
FFFF FFFF FFFF FFE3 FEIF CCOO 0000 0000 0000 OCDO 0000 0000
FFFF FFFF FFFF FFEJ FF7E OCOO 0000 0000 0000 C0>0 0000 0000
FFFF FFFF FFFF FFE3 IFFo 0800 0000 0000 0000 0000 0000 0000
FFFF FFFF FFFF F#.C1 FFFC 0800 0000 0000 0000 0000 0000 0000
FFFF FFFF FFFF FFCI FFFC 0780 0000 0000 0000 0000 0000 0000
FFFF FFFF FFFF FF81 PFFB OFFC 0000 0000 0000 0000 0000 0000
FFFF FFFF FFFF FF80 FFFS OFFC 0000 0000 0000 0000 0000 0000
FFFF FFFF FFFF FF00 FFF8 OFFE 0000 0000 0000 0000 0000 0000
FFFF FFFF FFFF EI-OC FFFC OCFF 8000 0000 0000 0000 0000 0000
FFFF FFFF FFFF FECC 7FEO 087F 0000 )000 00030 0000 0000 0000
FFFF FFFF PFFF FFLO -FEO 007F 0000 0000O 0000 0000 0000 0000
FFFF FFFF FFFF FE38 7F28 007E 0000 MO0 0000 0000 0000 0000
FFFF FFFF FFVF F1E 3E30 007F 0000 0000 0000 COOO 0000 0000
FFFF FFFF FFFF FCIO FEID 003F 0000 )000 0000 0000 0000 0000
FFFF FFFF F7FF F81F OCIF 003F 0000 7,000 0000 0000 0000 0000
FFFF FFFF EOFF FOOF FCIF 003E 0000 0000 0000 C000 0000 0000
FFFF FFFF C1FF FOOP FOOE 003E 0000 0000 0000 0000 0000 0000
FFFF FFFF CIFF POOP EOOF 0030 0000 0000 0000 0000 0000 0000
FFFF FFFF EOFF E807 PSOF 003C 0000 0000 0000 0CO0 0000 0000
FFFF FFFF P67F FF97 FE07 00B8 0000 000 3000 COOO 0000 0000
FFFF FFFF C3F FFL- FF;E 0078 0000 7.000 0t)00 C030 0000 0000
FFFF FFFF =EFF FFB PFCE OIFO 0000- ̂ 000 0000O 00100 0000 0000
FFFF FFFF 1-FFF FFFF PFFF BOFO OOOC ;ooo -,,:o1 Cooo 0018 0000
FFFF FFFF ; FF VFF FPF EOFO OOOC. 000 700)000 003F 0000
FFFF FFFF i-FrF P FFF ;7F F3F9 0000 )000 0O0C0 0-000 003F 0000
FFFF FFt-F PFFF FFF E7FE FF7F 8000 )0,0 £000O 0000 0007 0000
FFFF FFFF PFFF PFF E'FF FFFF 8000 :000 =nFF P803 FF07 IOJC
FFFF FFFF ;7FFF FFPF :2F FFFF £000 7000 F7F P803 FFC7 FFFC
FFFF FFFF FPF FrFF CZ!FF 7FFF FOOS ',00F FFFF PFFF FFFF FFFC
FFFF FFFF PFFF FFP-F :1FF FFFF FBIF FFF BFFF FF1-E FFFF FFFC
FFFF FFPP FFF FFF S1FE FPF FCIF FFF FFF FFF FFFF PFFC

FFFF PFFF FFPP FFFF ?OFF FFFF FFFIF -FPFPP FFFF FFFF FFFC
FFFF FFFF --FF FI'FF -20Ft FFFF FFFP 79PF P-PF FF,-F FFPF 07FC
FFFF FFPF OFFF FF-c 270FF OFFF' FFF- ZFFFF F F,-F FFFF FFFC
FFFF FFFF IPFF FFFF 00OFF OFFF FFFF rFFr 'FPV FF#-F FFFF FFFC
FFFF FFFF PFF FFr )GFE OFFF FrFF FFF P9FF FFFF FFFF FFC0
FFFF FFFF jFFF FE 007£ 6FFF FFFF FFF f-FFF FFFF FFFF FFFC
FFFF FFFF FFFF FFFF E03D FFFF FFFB -FFF FFFP 9FFF FFFF FFFC

FFFF FFFF FFFF PFFF F83F F FFF FFFF FFP FF qYFFF FPFF FFFC

FFFF FFFF PFFF FFFF FE3B FPVFF FFFF 'FFF FFBF PFFF FFFF FFFC



FFFF FF1-F FCFF FF'F FFFF FFFF FFFF'FFF WEIF FFFF FFFF FFFC
FFFF FF1-F FF1-F FFFF FF01- 1-1-P FF1-F -FFF FFIF FF1-F FF1-F FF1-C

FFFF FFFF P-FFF FF1-' FFFF FEFF FF1-F EFFF ?FFF FF1-F FFFF FFFC
FFFF FF1-F FF1-F FFFF FF1-F EIFF FFF9- E7FO 3FF1F FFFF FFFF FFFO
FF1-F FF1-F '-1-1F FF1-F FF1-F 61FF FrFF ;071-6 31F FFFF FFFF 1-PVC
FFFF FFFF FFF FF-

1- 
1-Fry 0FF FFF FFF FF1-F FF1-F 1-1-1F FFF-C

FFFF FF1-F FFF FFFP P1-FR 81FF FF1-P ;FFF PP1FF FFFF FFFF FFFC
1-FFF FF1-F 9-FFF F9-F- FF1-F SIFF 1-FE' -FFF- r;7F7 FFPF FF1-F FFFC
FFFF FFFF ;F1-P FFI-' FFFF 09FF FF67 FF1-F PFFF pppF PFFF FFF
FF1-F FF1-F FF1-F FrI-F DFFF FPFFF FF1-F ;FFF VFFF FFFF FF1-F 1-1-F
FF1-F FFFP gFpF FFPrF FFFF FF1-F FFFF FFFF~ 9FFW FF1-F FFFF FFFC

-jFF1-F FFFF FF1-F FFFF FFFFP1 FFFF FFFF FFF FFFF FPFF FFFO
P1-1F FF1-P FF1-F FFFF FFFF FF1-F FF1-F FFF- FF1-F FFFF FFFF P1-PC

FF1-F FF1-P FF1-F FFFF FFFF FF1-F FFF FFF FF1-F FFFF FF1-P FFFO
FF1-F FFFF FF1-P FFFF FFFF FFFP FF1-F 1PFpp FFFF FFFP P1-PC 7FFC
FF1-F FF1-P FF1-F FFFF FFFF P1-PP FF1-F FFFF FFFF P1-PP FFFB 03F-C
FF1-F PFFF FFF Fri-F EPFF DPPP FFFF P

-
FFF FFFF FF1-F FFB 0000

FFFF FPFF CP-FF FFFF IFFF FFPF FFFF WFFF FFFF FF1-F rFFO 0000
1-1-p FFF P-1-1F -F-F PFFF FFPF FF1-B FF1-F FFFF FFFF FFFO 0000
FFFF FFFF FFFF FFFF FFFF FF1-F FF1-B FFFF FFFP FFFF FF60 0000
FF1-P FF1-F V;FF FF-

1 
FFFF FF1-F FFFF P1-Fr FFFF FFPF FF00 0000

1-FFF FF1-F r-FF FF1-F FF1-F FFFF FFFF FF1-F FF1-F FF1-F FF80 0000
PFFF FFr1- FFFF FF1-F FPFF FF1FP FFt-F rFFF FFFF FFFF FF00 0000
P1-PP FF1-F FF1-P FFPF FF1-P P1-F FF-

1- 
FPFF FFF FFFF P600 0000

FFFF 1-1-F FF1-P FF1-F FFFF FFEO FF1-F FFFF FFFF FF1-F P800 0000
FF- P1-PP 91-1- FFPP FFFF P1-CO FFPF FFFF FFFP FFFP 6000 0000

FFPF FFFF iF1-P FPFF PFFF FFE0 7FPF FFFF FFFF FF1-F 0000 0000
FF1-F FFFF i1-1F FFFF 1FODF FF60 39FF FFF- FFPF FFFF 8000 0000
FFFF FF1-F OF1-F FFFF FF91- 1-1-6 30FF FFFP FPFF FF1-F 0000 0000
FF1-P FF1-F OFFF F,-FF 1-FOF FFE0 39FF1 FFPF 1Fr FF MF 0000 0000
P1-PP 1-11-1 F7PF FFFF P1-OF FF00 31-1F FFFF PFFF FPFF 0000 0000

P1-1F FF1-F 1-71F FFFF FE607 FF00 1FFF FFFF FFFF FF1-F 0000 0000
FF1Fr FF1-F FFF FFFF FC007 FPCO 3F1-F FF1-F FFFF FF1-C 0000 0000
FF1-F P1-PF FFFF FFFF F-807 FPCO FFPF FFP FFFF FFF4 0000 0000
FFFF FFFF FFFF FFFF F-403 FFco FF1-F FFFF FF1-F ciso 0000 0000
FFFF FF1-F FF1-P FtFF FO07 FF00 FF1-F FFFF FFFC 0300 0000 0000
FF1-P FF1-F FF1-P FFFF FF7P FF00 FF1-F 1FFPF FFFB CO000 0000 0000
FFFF FF1-P FF1-F FF1-F FFFF FF80 FF1-F FFFP FFFO 0000 0000 0000
1-1-1F FFFF FF1-F FFFF FFF1- FF80 FPPF FFFF FF00 0030 0000 0000
FFPP F1-FF FF1-F FFFF FFFF FF83 FF1-F FFFF 1-600 0020 0000 0000
FFFF FF1-P 1-1-F FF-

1 
FFFF FF07 FFFr 1-FF1- 1000 0000 0000 0000

FFFF FPFF CFFF FFFF CPFF F-807 F1-FF FFF 000 C030 0000 0000
FF1-F FFFF r1-1F FFFF 1-FFF FBO7 1-FEF FFFF 0000 030 0000 0000
FFFFFP FF7FF FFFF rFFF F307 FPEF FFFF 0000 0030 0000 0000
FFP FF1-F 1-FF FF7F a FF F307 FF1-F 1-FFE "'CO 21030 0000 0000
FF1-F FF1-F ;FFF: FFF ZVF E1C- FFF- FFC CODS 0330 0000000
FF1-F FFF PFFF 1F- FF E007 QF- FFO 00C00 ::))0 0000 0000
FFFF FFPF F1-FF F-F FFFF 0101- 8FPW FFE0 0000 0:30 0000 0000
FFFF P1-1F FF1-F FFFF VFFF 01FF QFFF 

1-
FOO 0000 0Ca0 0000 0000

P1-PF FF1 - rFFF FF9-F PFF 01FF IFFF F80 0000 r000 0000 0000

FFPF FFFF FF1-F FFF1- CFFF 61FF FFF 1-600 0000 0030 0000 0000

PPPF FF1 P FFF 1r FF1-F F9FF FFFF 1-000 0000 0030 0000 0000
FFFF FF1-F FFF FF1Fr FF1-F F9FF FPFF 1-800 0000 0:00 5000 0000

FFFF FF1-F F-FF PF~r FFO 7FFF FFF1-r O 1-0OC 0000 0230000 0000
FPPF FF1-F C1-1F PFF -

t
F JPFF FFF

1 - 
030 )C00 -)330 0000 0000

FF1-F FF1-F -FFF VFFF ZFFB 3FFF 1-FFF E030 0,700 0000 0000 0000
1-1-F FF1-F WFF FF9-F FFFj 2FFF FFFF :-0o306 0330 OD 0000 0000
P1-FF 1-1-P ;1-FF r-FF9- FEFF 1--FF FFFP :0oo r)cl 030 0000 0000
FF1-F F1-FF '1-1F FF1-F -43F- FFrFB FF1-F COOC 00,00 0030 0000 0000
FFFF FF1-F FFFF FF1FP 9-031 FF1-F FFFE )000 0000 C030 0000 0000
1-FFF FFF1- FF1-F FFFF FC011 FFP FFFC 0000 0000 0030 0000 0000
FF1-F FF1-F FF1-F FF1-F F8jF C3FF FFO' :000 O000 0030 0000 0000
FF1-F FF1-F PFF-P7FF1- FBE 01FF FF60 3 000 3000 00)0 0000 0000
FFFF FFFF 9F1F 1-1FW' t-07E 301F FF00 ':000r C'1tO0)0 0000 0004
FF1-P FF1FP s-1-- FF- FC7F 0071- FrOG0 :ooo (CC6)0 0000 0030
FF1-F FF- wi-Fr 1-F,- ?5F ))3f- COO' r:-% no-$C 03 1 C00 63
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FFFF FFFF FFFF FFFF $ ooo 0300 0000 0000 0000 0000 3000 0000
FFFF FFFF FFVF FFFV P000 0300 0000 0000 0000 0300 3800 OPCO
FFFF FFFF FFFF FFFF FOOO 0000 0000 0000 0000 0300 0000 07FC
FFFF FFFF Fr'Fr FsFF 8000 0000 0000 0000 000C 0386 0000 O3FC
FFFF FFFF F-FF FF; 8000 0000 0000 0000 0000 03FF 0103 C3FC
FPFF FFFr vrVF FFFV 8000 0000 0000 0000 0000 03FF For FFFC
FFFF FFFF FXFF FFr EO000 0300 0000 0000 0000 03FF FFFF FFFC
FFFF FFFF FFFF FFFF 0000, 0000 0000 0000 0000 03FF FFFF FFFC
FFFF FFFF FFFF FFFF C000 0300 0000 0000 0000 03FrF FFFF FFFC
FFFF VrFFF FFFP FFFF 0000 0000 0000 0000 0000 03CF FFFF PFFC
FFFF FFFF FFFF FFFE- 0000 0000 0000 0000 0000 COFF FFFF FFFC
FFFF FFFF VFF FFFE 0000O 000 0000 0000 0000 OF FFFF FFFC
FFFF FFFF FFFF FF70 0000 0000 0000 0000 0000 0037 FF77 FFFC
FVFF FFFF FFFF FFFO 0000 0000 0000 0000 0000 0030 17FF FFFC
FF7F FFFF FFFF FFFB 0000 0000 0000 0000 0000 0000 07FF F7FC
FFFF FFFF P;'FF FF8: 3000 030 000 CCO(-000 0000 0020C OFFF FFFC

t FFrvr FFFC f"-FF F-C1 OXc 0C 03 000 0000 002- 0 : 07F~r FF~C

7777 FF9*F F-7F FFS .-,c 03 0 000OM ,0 00 0000, 0200 03FF FFFC
77FF FFFF FcFgFEP00 0000 03)00 0000 0000 0000 0030 00FF F7FC
FFFF FFFF FP 8000 0000D 0000 000 0030 0000 C030 003F FFFO
FFFF FFFF FF-FF 8900' 0000 0000 0003 0000 0000 0030 0003 FFFC
FF FFFF FFFPF E00 0000 0000 0000 0000 0000 0030 0000 FFFC

FFFF 7FFF FFFF FrOG 0000 0000 0000 0000 0000 0000 0000 3FFC
FF7 77FF FFFF 7080 0000 0000 0000 0000 0000 0030 0000 0370
7777 77FF FFFF FDSF 0000 0000 0000 0000 0000 0300 0000 OIFC
F77F 7FFF FrP F9FF 8000 0300 0000 0000 0000 0030 0000 OOFC
7777 7FFF F-DF FA F 0000 0000 0000 0000 0000 0000 0000 00.3C
FF7F 77FF PrBF F7FF 0000 0000 0000 0000 0000 0330> 0000 0000
FFFF FFFF r7-Bv FrFF 8000 0000 0000 0000 0000 0300 0000 0000
FFFF FPFPFFpr FFFF EQOooo£0 0000 OO-0300aO 0000 0000

FFF7 7FFF FrFF FFrF AOOO 0303 0000 0000 0000 0030 0000 0000
7777 FF77 FF7F FF77 C080 0000 0000 0000 0000 0300 0000 0000
FF77 FFFF FFFF FFr-F roco 0000 0000 0000 0000 032 0000G 0000
FF77 FFFF rFFF FFFF 7000 0000 0000 0000 0(000 0020 0000 0000
77FF FFFF -FFF PFF7 FOFO 7800 0000 5000 0000 0330 0000 0000
FFFF FF FFFF FFFF F9FQ 7800 0000 0000 0000 0330 0000 0000
7FF FFFc FFFF FFFF FF80, 7800 0000 0000 0000 C000 0000 0000
FFF7 77FF FFFF FFFF FF78 7F00 0000 0000 0000 0000 0000 0000
7777FF7 FF 77 PFFFF FFE FF80 0000 0000 0000 0330 0000 0000
7777 77FF FFF FFl F FFFF FF80 000r 0,000 00 0 -,300) 0000 0000
FFF7 FCFF rr FF FFrC rFr 07FF P800 0000 0000 0320 0000 0000
FFFP 77FF ;F-FP Fe-pp DFPF 77FF FEOC 0030 0000 0200 0000 0000
77FFFF FF FF rrpr rFFF FFFF 7000 000- 0000 02)00 0000 0000
FFFF FFFF 7r Fr F FFF tr-r FFnrFCO P00000 00,00 0330o 0000 0000
FFFF FFFF ;7FF FPFPr ;rpp7 Fre-F reoc. coo00 0oo0 0230)> 0003 0000
FFF 7FFr z Pcr FpsrrFFEFF FOFF 7000 0000 0000 CDX) 0000 0000

FFFF FF wrFF F~rr rrFrr PF FCOC .00,0 003 0330C:, 0000 0000
FPFF 77FF Fr-FF Fe-Fr zr PF 7FrF FF00 7000 0000 0030O 0000 0000
7FF FFFF rrFF FFFF rFFF FrFD FF' 8000 0000 0330 0000 0000
FFFF FPF F 9 r-r FFF' rr-F' FF Fortr F PFC 00( 0220)-) 0000 0200)O
FFF7 7FF r!Fr rv-PP ZF:F 7FvF FF14 "FFF 800 CDXO 0000 0(00
FFFF FFr rrp -FF; r PFr rrr' Frn 3F FF F0or C D _0000C. 0000o
FFFF F -Ft :r; rv-rr -V rrrr o -?Fr re 03t 0000 0000 , ' OC
FF~r r:rr .-r; ~: -r cr.,Ft rr; : [.f rc co, w 001),so
FF70 ;F r -- z &r- r ;7t Frt r 0722R-;C- ,, l 00£,
FFFP rrr .- ;71 , ; P .-p-t rrr; 'eP cFF - ). - o coc

77FF vV rFr rrrcr r;rr~ r.rr 7FF' FC-r rrrs7-. cr( ooo 000n,

FrrFr rrr -Fr-Ft --F rFFF C-t.FF re-Fr r-r C00 000 Y 07(
77FF cFFC r--F- -c-; rrrc FLC FFF; .rr It vx C-, 000c0 000c
77FF 7FF; wF~r C-nA :;F F FFF FP crC-C PC-E Cci 8000 0000

FFFF IFF FrV FFI cVr--F F7C 7FF IF-e- PPF FFFF FFFF FeFOC
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Visibility map (Fortran Unit 12). Since this test case is a nadir
view, all points are visible to the observer. Therefore, the entire
visibility map is composed of zeros and is not displayed.

ASCII display of a portion of the binary pseudo radiance map (Fortran

Unit 6). One third of the scene (leftmost portion) is shown. Columns

1-10 are uniformly zero (the field of view extends beyond the edge of the

scene) and are not included.

t 12 13 14 is 16 17 i
s  
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72 0 6831 03 0 67761 00 0 6797E 00 0 67691 00 0 64641 00 0 6694E 00 0 70191 00 0 7355E 00 0 74 59E 00 0 7343E 00
73 0 671M 00 0 6792E 00 0 67911 00 0 67971 00 0 68061 00 0 661 00 0 66191 00 0 6421E 00 0 6101E 00 0 6133E 00
74 0 6802E 00 , 68 7 00 0 6806E 00 0 60051 00 0 6805E 00 0 661S1 00 0 678K 00 0 69941 00 0 70831 00 0 6261 00
75 0 66961 00 0 66 00 0 6)401 00 0 68401 00 0 6640E 00 0 66391 00 0 66311 00 0 66761 00 0 57961 00 0 63491 00
76 0 66401 00 0 &,.J8E 00 0 6621E 00 0 6621E 00 0.6621 00 0 66361 00 0 66061 00 0 47041 00 0 i5001 00 0 61071 00
77 0 "219 00 0 6621E 00 0. 66211 00 0 66221 00 0 66231 00 0 6561 00 0 6560 00 0 54701 00 0 36841 00 0 59621 00
73 0 6619E 00 0 662" 1 00 0 661SE 00 0 66041 00 0 66081 00 0 6503E 00 0 65"2E 00 0 6611E 00 0 64201 00 0 60891 00
"9 0 6549E 00 0 66431 00 0 6557E 00 0 64081 00 0 6406 00 0 65761 00 0 66421 00 0 6569E 00 0 63781 00 0 6206 00
0 0 6141 0, 0 66"23E 00 0 6201 00 0 66051 00 0 66071 00 0 64941 00 0 65251 00 0 64981 00 0 62361 00 0 63401 00
92 0 662 00 0 66211 00 0 86261 00 0 66201 00 0 662K 00 0 66941 00 0 66601 00 0 65041 00 0 63551 00 0 65071 00
92 0 8860 00 0 6620S 00 0 66331 00 0 66201 00 0 66171 00 0 66941 00 0 66641 00 0 65461 00 0 6461 00 0 6601 00
63 0 6664E 0 0 6590E 00 0 65961 00 0 66241 00 0 66221 00 0 662

J
1 00 0 65"1 00 0 6574E 00 0 65761 00 0 6602E 00

34 0 65621 00 0 65321 00 0 6407E 00 0 66441 00 0 6401 00 0 66261 00 0 660 00 0 6565E 00 0 6392E 00 0 67231 00
il33 0 6521 00 0 6%4%E 00 0 6 1SE 00 0 646 1 00 0 64561 00 0 65741 00 0 66101 00 0 6626K 00 0 67331 00 0 67421 00
86 0 6472f 00 0 e32961 00 0 6393E 00 0 64521 00 0 64341 00 0 64491 00 0 65241 00 0 66461 00 0 67671 00 0 6876E 00
97 0 64651 00 0 6353E 00 0 6301 00 0 6471 00 0 6533E 00 0 65231 00 0 65361 00 0 6646 00 0 69021 00 0 70061 00
111 0 64301 00 0 6337E 00 0 6321E 00 0 64701 00 0 65671 00 0 66191 00 0 65941 00 0 66461 00 0 6630E 00 0 71201 00
69 0 620, 00 0 6ba5E 00 0 63231 00 0 64431 00 0 64371 00 0 65531 00 0 65951 00 0 6671W 00 0 68331 00 0 71331 00
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W ~~~~99 00o)0010C ol-'00C00C.000000C 00000') 00 1OM00 0 00010C 0001E00 00000 CC JO00 C00OOE 00
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A.3.1.3. Radiance Module

Display of user specified input file (Fortran Unit 5).

1) 3 9 1 1981 2210.
2) 10. 4 12. 5 16. 76 -149. 5 67. 70
3) 0. -149.5 67. 78
4) 100 100
5) 286. 280.

6) 0025 0025

Display of run time diagnostics and statistics output file (Fortran

Unit 6).

ZENITH ANGLE OF SUN (DEGS): 59.4
ZENITH ANGLE OF OBSERVER (DEGS): 0.0

IN-BAND DIFFUSE REFLECTANCES
BAND (MICRONS): 10. 4

TO 12. 5

MATER IAL REFLECTANCE

1 0.01
2 0.08
3 0.03
4 0.03
5 0.09
6 0.03
7 0.03
8 0.05
9 0.03

10 0.14
12 0.10
13 0.07
14 0.02
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RESULTS OF CURVE FITS TO
ATMOSPHERIC VALUES VS' ALTITUDE
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE = 0. 0 KM
DEGREE OF BEST FIT POLYNCMIAL: 4
SUM SQUARE ERROR: 1. 592E-10
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE =1.0 KM

DEGREE OF BEST FIT POLYNOMIAL. 4
SUM SQUARE ERROR: 1. O1OE-10
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE = 2. 0 KM

DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 1. 692E-10
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE =4.0 KM
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 1. 573E-10
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE = 7.0 KM
DEGREE OF BEST FIT POLYNOMIAL- 4
SUM SQUARE ERROR: 1. 091E-10
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE = 10. 0 KM
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 1. OIOE-10

REFLECTED SOLAR
DEGREE OF BEST FIT POLYNOMIAL: 5
SUM SQUARE ERROR: 2. 592E-10

PATH TRANSMISSION
DEGREE OF BEST FIT POLYNOMIAL: 5

SUM SQUARE ERROR: 3,112E-12

PATH RADIANCE
DEGREE OF BEST FIT POLYNOMIAL: 5
SUM SQUARE ERROR: 1. 032E-09
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APPARENT REFLECTED SOLAR (W/CM**/SP)

MATERIAL MEAN SDEV MIN MAX

8 266E-07 I 921E-07 0 OOOE-01 4 1'9- -07

APPARENT REFLECTED SKYSHINF (W/CM**./SR)

MATERIAL MEAN SDEV MIN MAX
8 1 659E-05 2 183E-06 I 163E-05 I W.LF-05

APPARENT THERMAL RADIANCE (W/CRt*2/SR)

MATERIAL MEAN BDEV MIN MAX

8 1.320E-03 6 264E-05 1.234E-03 I 490F-03

AGPARENT PATH RADIANCE (W/CM**2/SR)

MATERIAL MEAN SDEV MIN MAX
8 8 063E-05 1 255E-05 5 364E-05 9 395E-05

SURFACE TEMPERATURE (K)

MATERIAL MEAN SDEV MIN MAX
B 2 823E 02 3 006E 00 2 779E 02 Z 90F 02

APPARENT SCENE RADIANCE (W/CM**2/SR)

MATERIAL MEAN SDEV MIN MAX
8 I 236E-03 2 130E-04 2 839E-04 I 464v -()3

DIFFUSE OR 81-DIRECTIONAL REFLECTANCE

MATERIAL MEAN SDEV MIN MAX
8 4 707E-02 0 00E-01 4 707E-02 4 7O/F 02

3-25



ASCII Display of a portion of the binary radiance map output file
(Fortran Unit 17) . Oneo t Iiir d ot the sCieetie k ,2 t1Hw;t I xo ti, 'i) is si)lolI

Colurnuis 1-10 are uti1i rlvl ZerO kthe field )! view Q.Xtendnl bucrld thle
edge of the scene) atre are not included.

I3 a 32 33 34 3' 16 37 Is 10 30

1 0 00001 00 0 00001 00 0 00001E 00 C 00001 00 0 00001 00 0 00001E 00 ) 00001E 00 0 00001 00 0 001 00 C 00301 00
2 0 00001 00 0 00OME 00 0 000CCE 00 0 00001E 00 0 00001 00 0 00001 00 0 0000t 00 0 00001 00 0 00001 00 C 00001E 00
3 0 0000 00 0 0000i 00 0 00004 00 0 00001 00 0 0000t 00 0 00001 03 0 00001 00 0 0000 00 C 00001 00 2 000CC 00
4 0 00001 00 0 000CC 0-0 0 00001E 00 r 00001E 00 0 0000 0-0 0 00001F 00 0 00001 00 0 00001 M0 0 0100016 00 C, 00001 00

10 00001 00 0 00001 00 0 00001 00 0 OOO1 00 0 00001 00 0 00001 00 0 00001 00 0 0001M 00 0 00001 00 0 000M 00
a 0 00001 00 0 00001 00 C 000O1 00 0 00001 00 0 00000 00 0 0000 00 0 00001 00 0 00001 00 L 00001f 0 0 00001 go

,0 00001E 00 0 0000E 00 0 00001 00 0 00001E 00 0 00001 00 0 00001F 00 0 00001 00 0 00001 00 0 00001 00 0 00001 00
0 0 000O0100 0 00001 00 0 00001 00 0 00001f 00 0 0000 00 0 00001 00 0 00001 00 0 00001 00 0 00001 00 0 00001 00
9 0 00001 00 0 00001 0-0 0 00001 00 0 0000E 00 0 00001 00 0 00003 00 C 00001 00 0 00019 00 0 00001 00 0 00001 00

t0 0 0300 00 C 0000:_ 00 0 0001 00 0 00001E 00 0 00001 00 0 00001E 00 0) 00001 00 0 00001 00 0 00001 00 0 00001E 00
3I aC 00001F 00 C 00-301 ac 0 003X01 0 r C 0000 00 0 0000C 00 0 00001 00 0 OOF 00 C 00001E 00 C 00001 00 0 00001( 00
32 0 1420-02 C 34300-02 C 34501 -02 C, 345"-02 0 3 301 02 0 34"of1-02 0 34501-02 0 3 4491-02 0 ::Sot -02 0 3433-02
13 00010 0343-233- 0 0 a4310 0 4531-02W 0 331- 02 0 3F 3-02 0 3WE4102 0 "L5C0 0 .401-02

34 0 4 00 0 31C2 0 4- -2C3510 402 0 23 032 0 C 4302 0-02 0 020 40-02 4510
12 0 0001 00 0 %7-202 0 35.1- 02 0 3453102 0 34531 02 0 34 -02 0 34501-02 0 3441F02 0 34501-02? 0 34201-02

35 0 00001 00 0 %F 2-02 0 1451-02 0 3451F-02 0 li5t1-02 0 UK53-02 0 344-02 0 3 -02 0 34 20 0 34201 -02
30~~~~~~~~~~~~ 04 0000 000_510 43-0 43-203 02 0 134$=102 0:S 34 :WE0 0 4310 51-203430

19 0 00001 00 0 3451-0 03410 351-20-02 0 0203510 0 M _43102035-0 034002035-
20 00 01 0 0 342 1-0 0 43 - 2 0 34 4 - 30-02 0 02 0 345 1-0 0 34 41 0 0 3 054 -02 0 . 4206 -02 0 3453102

23 a 00001E 00 0 Si49-02 0 W43-02 0 ):35102 0 343-00343-02 0 34201-02 0 3=3-,02 0 4:31-02 0 345$M -02
22 0 00001 00 0 921-02 0 345X-02 0 11-402 04 3423 2 115 02 0 3453-02 0 3454-02 0 3424-W02 C 323-02 C a 340-02
23 0 00100 0 343M-02 0 3 431-02 0 34310 0 4531 0.2 . 3I410 0 32-0. . 3453.-02 0 14531-02 0 3453102
24 0 00001E 0 S2 -4*12 0 342-02 0 4C3-02 0 343102 0 34X3-02 0 14541-02 0 I452-02 C 14521NE-02 0 14520-02
25 0 000 0.0 0 134521 02 0 34541-02 0 34531-02 0 3453F -02 0 34531-02 0 345321F 02 0- 3453102 0 34531 02 0 3453X-02
22 0 DO0ME 00 0 4531IE-02 0 :343-02 0 1:44E1-02 0 3451-02 0 14%41-02 0 34531-02 0 14501-102 0 34501E -0. 0 3431-02
27 0 0001 00 0 34331 0 ":-02 0 45t-02 X 4- 02 0 145 41-02 0 4452-00 0 94231-02 C 4241t-02 1C 0 34501-02
24 0 00001 00 0 34%E31-020 C 3450-02 0 345316-02 0 3433? .02 0 34531-02 0 3 4521 -Oa C 14231Oa;C 14! 0. 0 C ,11121-02
25 0 00001 00 0 3492-02 0 3541E-02 0 3423-02 0 3521 -02 0 35E-02 0 34531-02 C 14531-02 S I431 0. 0 1453E-02

00 0 0001000 4210 E 14 53F0 _ 302 0 2 0 34,, 02014210 0341-2V 451 2C 43-0 C34 10
33 0 00001 00 0 491-0 0 41-0 2 034102 0 431E 02 0 '451E-02 0 34521-02 0 34231 02 C, :Q 3451 0 C 3E0102
2 0 00001 00 0 1451-02 0 3451-C C 4-02 0 94W4 -02 0 145,1-02 0 3450-02 C .45310 00 C W_4-02 F0 0 3423102

23 0000ME 000 C 1 12tF02 0 13541-02 0 1491-02 o 34531 02 0 34IN4-02 0 1425M1-02 0 4-t 0 4-3330. C 4Sit-oa
34 0 00001 00 0 14 V1-02 0 34231-02 o0 di 340-0w o 34 3 -02 0 I 34541-02 0 sa 343-0. 0 34s533 -c :awf -2 z 421-0
30 0 00001 0 0C 3452-02 0 34521-02 0 45M1-02 0 34331- 02 0 3423102 0 :3A53-02 0 4I 2 C .41E-0; C 14231-02
31 0 00100 0 3423-02 0 345411-02 0 34541-02 0 34231-02 0 3453_-0 0 3453102 0 3it23 I C 14 33 1 CCO C 34231-02
3' 0 00001 00 0 35 -00 34W3-02 0 34S31-02 0 31 -020 31 -030 34300 343 r 3 C C 1:4E220Ij-02
23 0 0000 00 0 34231-02 0 5441-02 0 34241-02 0 3424 -02 0 324-02 0 I4N4102 0 34541 0. 41 0 .0 C 34E4-02
39 0 00001 00 0 34531t 02 C 134321-02 0 141-W20 34201 -02 0 34531-02 0 34531-02 C 342310 13231-0. C 1451E-02
40 0 00001 000C' 3531 02 0 41 a-02 0 14939-02 0 145N -02 0 34500-02 0 1492t1-02 0 34311 :A%! 1)C C 3453!7-02
43 0 00001 00 0 3 41-02 0 3421-02 0 3450-02 0 34541 02 0 14341E-02 0 t4541-02 0 1441 W -It 0. C W432302
42 0 000OF 00 0 343Wit-0a 0 1421-02 C 34211-02 0 14511-02 0 14231-02 0 3421-02 0 14SI . .A -. 0. C 14 E-02
3 0 00001 00 0 34231 02 0 :34F4-02 0 3:5M1-02 0 34541 02 0 3453102 0 14531-02 0 1456 Ow 154 a r 14234-02
44 0 00001 00 C I451-02 0 451-02 C I422-02 0 542F 02 0 323-02 0 345,lag-02 C I 343 0. 1E -0. C I34531-02
40 0 00001 00 0 343-0 0 340-02 C 343-02 0 34531 02 0 43 -02 0 I4F3-02 0 3IN3 :3. 3 -302 C 1.5,1-02
41 0 00001 00 0 WE22-W02 C 2 34 -02 C 34231-02 0 341 02 C 3431 -0 2 0 3423102 3 ' - . i 4F 0 0. C 4310

43 0 00001 00 0 IN52-02 C 341-02 0 134431-02 3' 14.4F 02 0 4IN1-02 0 IN50-02 C . 423I_1 C 43 1-02
44 0 00001 00 3 424102 C0 11492-02 C34231W-02 C 14!,21 02 ' 14201-02 C- 1492E 0 15 C; -F-0. 423 14. 4411-02
49 0 00001E 00 C 3424-02 C A 34 -02 C,3310 I43 0W C 4 20 0 0-. .7 C49 1"04 03-34 -02

20 0 00001 000 C34102 C 3424 -0.3 41-02 C0 9 42100 423-02 43-3'31C C 43-. 401

4.~~~~~~~~~~~~~~~~~ 0 Mf. 1E-. C 41C .C -t0 C , 0Sio



33 2 3 14 1& 17 to 1* 20

St 0 00006 000 01 -W 0 14,1-02 0 41 -02 0 14%W -02 0 14911-02 0 24221-00 0 1453-M a 3:306-02 0 2:46-0
5 00000 0 1459M0 0 ::If-0 0 I:=1-0 0 342-0 14260 0 14410 0 4610: 0346-9 4460

S3O 1000, 000 2493-02 0 925-02 0 491-02 0 2 £46-02 0 2453-02 0 41E-02 0 49-02 0E46-02 0 4=6-=
3 0 00001 00 0 14206-02 0 14521-02 0 2459E102 0 144slE-0 0 14411-02 0 14491-02 0 14:91-ft 0 14466-02 0 1646-:55 0 0006 00 0 452-02 0 34526-02 0 I4521-0 0 145I1-02 0 1 4521-02 0 1 4591-02 0 14511-09 0 1340-02 0 145602
5s 8 00 00242-02 0 352-02 0 41 -02 0 41 -02 0 34521-02 0 14519-09 0 41-02 0 341-02 0 349411-411

57 0 0000100 0 ~~~~~~~1452-5 2451-0 0 4210 0352 0 140-0 2431 : 0£5119 0:451:WE 1530
56 0 00001 00 0 450-02 0 24521-02 0 3452-4 0 $a52-02 0 431-02 0 34561-06 0 2453-0 0 3446-06 0 2453106
59 a 00ON00 440 24 491-02 0 14SM020 1S-09!0 14&91-02 0 1491-02 0 141-090 1491-02 0 14119-0 0 £44106

10 0 00001 00 0 24521-0 0 14511-02 0 14=1-42 0 314 0 0 145=-02 0 3491-09g 0 14461-09 0 34491-02 0 344102
6£ 0 00001 00 0 143"1-42 0 3422E-02 0 4599-0w 0 41 -0W 0 2 422-02 0 456-40 0 1 4=010 0 34496-02 0 1 4W'-09

62 0 00001 00 0 220-02 0 3 4531-02 0 34521-02 0 31F2-02 0 242-02 0 353-09 0 34521.02 0 44521-0= 0 14,111-4.
63 0 00001 00 0 14546-02 0 2492F-02 0 14521 -02 0 14 531-02 0 24531-02 0 14511-05 0 1416-02 0 1445E102 0 1447t102
64 0 00001 000 34510- 2 0 245S1-02 0 34521-0W 0 2413SF -02 0 25-02 0 314546-02 0 132W602 0 1452264 0 145$M06
65 0 00001 00 0 34961-02 0 14536-02 0 1451-02 0 34521-02 0 24519-02 0 349=-0290 149W-ft 0 14999-02 0 3452109
66 0 00001 00 0 14=4-02 0 34946-02 0 34231-411 0 A 4531-02 01453-02 0 14121-340 :£:11102 0 3459149 0 £4:52106

6 0000000 14-0 0 34-0 0 34210 0 31:0 46-60343-6 46-5 35690351
66 0 00001 00 0 2 420 0 345-02 0 ..56-M6 0 31 0 3461-02 0 $2a-06 0 46-06 0 3451-06 0 27-06
69 a 0000 00 0 2454149 0 14321-02 0 3452-09 0 3431-09 0 34121-02 0 24M20 0 14SX-02 0 3454160 244106
7 0 006 00 W 44-00 602 01- 34540 0 14546-02 0 245K4-0 0 34591-W 0 341116-01 0 3 7100 14546-06

730 a00001 00 0 1434209 44-02 0 3412-=090I 14M2-02 0. 21-02 0 34221-4090 31450-0 0 2459462 0 356-06
5000000 0 344600034310 0 34a 10 0 1 k44-20251-203510 03510= 426002S1

72 a 00061 00 0 35-09 0 352-02 0 422-06 345-W2 0224-02 0 354-20 3426102 045242 0 3S4
740 00001 00 0 3 496-02 0 145,41-02 0 13436-02 0 3 4321-02 0 2644-02 0 I45=-09 0 34421102 3496f-0 0 3454602
71 0 0006100 0 41-09 0 3452-02 0 34231-0 0 31 02 0 3453-02 0 24511-02 0 3452-02 0 3452602 0 14926-0
74 0 0060 0 342-20 14910 0 143a-"2 0 34 -02 0 3 421-02 0 3453-02 0 3452102 0 2452100 0 143271-06
7"7 a 000061 000 1456-0-02 0 02 0 2531-0 0 £45214-2 0 349-02 0 3452100 0 3314102 0 £ 4531402 0 343109-
76 0 000 00 0 34236-02 0 21 -02 C 34526-02 0 14531-02 0 14W4-02 0 3453-09g 0 14S2-00 C 1393-0290 3493F-02
79 0 00001 00 0 1454-09 0 .243 -02 0 1 05SE -02 0 4X-02 0 14491 -02 0 4101-09 0 1450452109 0 14461-02
70 0a0010 0 342-0 0 42-203910 42-02 0 145=1-02 0 24521-02 0 £423109O 0 3433109 0 31-0

II 0 00 1 0 2 90 -0 2 0 3 93 - 02 0 1 46- 4902 £45 W 1 -0 0 4 2 - 2 4 3 - 6 4 2 - 0 4 3 4 0 2
77 0 00001 00 0 14546-0 1 2 IS 0 ~m0 0 34946-02 0 1424-09 254-02 M 43-42 0 3452-00 3 -W 14919- sit52-06

0a 00001 00 0 3426602 0 1,546-02 0 14SX-42 0 3454F109 0 £452410 0 1453M-020 £434690 0 14516-02 0 £4546-09
640 0006 00 0 349E602 0 21 -02 0 145%1-02 0 1452t -02 0 34921-02 0 14231-0 0 14-02 0 145311-49 0 14406-02

OWN000 00 0 34541-02 0 36_02 0 3421-0 0 34521-00 0 241-02 0 14906-09 0 3491-00 0 34526-02 0 1451-412
56I a 0000 00 0 E 43-02 0 3493149 0 34521-00 0 14521-02 0 3451-02 0 2452649 0 34936492 0 144519 0 1491-02
a7 0 00001 00 0 492649 0 2 4231-0 0 3149 0 14509 -02 0 14501-02 0 14531-090 3450149 0 34441492 0 14461-02
w0 0 0000 00 0 34459 0 :4W6-02 0 3449 0 24501-W 0 340-02 0 £ 1 49E- I 3441- 0 34449-2 0 3449--

5 0000000 34934 42-2391 0 0 343-0: 31 0 0 243 0 0 9 0 0144:4 0 41-090 06 00000 0001 0 000 00 00 00002 00-0 0I20 000 00 -0 £43 2 0 -09 9-2 0l 29-0"2 0 00006 00 0 00096 00 0 00001 00 0 00006 00 0 ooo -00 0 00006 00 0 014S 1 00 0.0001G0 0 00006 00w 0 01= 002

9 000000 01004 000010000060 C 0 0 006:00 000100000100006000001092 0 00001 00 0 0000100 0 00006 002 0 01 00 0 000 0 0 000 00 0 000. 00 0 00001100 0 14006 00 0 00001 009407 0010 0 0 000000 000 00 00-0 00 0 45 W 0 0000 00 02 00006 00 0 01m a 0. 0.006-00 0 00001 00
910 00006 00 0 0030100 0 00001 00 0 0000 0 0 0C4 0 000061100 0 00001 00 0 00001 00 0 00006 00 0 00001 00

9 OW 000100006000000 0 M 0 000 00 " 0 :00 002 0 0006 0 0 01 00 0 00a 4"02 00 000010

91 0 000061 00 0 00001 00 0 00031 00 00001O 00 0 000CC 00 0 00006 00 0 00001E 00 0 0000 00 0 00006 00 0 00001 00
93 0 00096 00 0 01 00 a 00001 00 0 0000 00 0 0000r 00 0 00001 00 0 00001 00 0 00O01 00 C 00001 00 0 0000C 00

95 0 00009100 0 00001 00 0 00001 00 -001 00 0 0000f 00 0 00006 00 0 0000C 00 0 000011 00 0 00001 00 0 000CC 00

100 0012011 00 0 00001 00 0 00001 00 - 00001 00 0 0000.1 00 0 00001 00 0 00001 00 0 00001E 00 0 00006 00 0 00001 00

too OOPW 0 0OOOM00 OOOF 0 C 000 00 OOOK OC0 OOOF00 OQO 000 WOF 0 0 OOF00 00" 0



21 22 2 84 .u 36 87 q 89 0

I 0000900 000001 00 00000 00 000M000DOOM000 DM000 00mm 000000DOM 00000 a"00 000001 00
.1 0 0000 00 0 O00 0 00009 00 000o00 00000010000000E 00 0000000000000000" 0 00000100
3 00go000000001 0 0000001 00 000001 00 000O0000 00001 00 0000"00000001 00 000O00000001f00
4 o 00001 00 0 00001 00 0 00001 00 0 0001 00 0 0000c 00 0 00001 00 0 00001f 00 0 0000100 0 00001 00 1. 00001 00
1 0 0011011 00 0 00001 00 0 00001 00 0 00001f 00 0 000Cr 00 0 00001E 00 0 00001 00 0 000N 00 0, Wo001 00 0 00001 00
1 000000000 1000 0 0000 1000 000000 1000 0 00001 000 a 0001 0000 0000 0 00 0 0000100 000009 00
7 0 *a00 00 0 0000 00 0 00001 00 0 0000100 0) Ow"0 00 0 00001 00 0 00001 00 0 00001 00 0 000011 00 0 00001 00
* 0 00001 00 0 00001 00 0 00001 00 0 0000 00 0 00001 00 0 0000 00 0 00001 00 0 00001 00 0 00100 0 000E 00
9 0 0000 00 0 00001 00 0 00001E 00 0 00001 00 0 00001 00 0 0000 00 0 00001 00 0 000M1 00 0 0000l 00 0 00001 00

20 0 o0000100 0 00001C 00 0 00001f 00 0 00001 00 0 0000 00 0 00001 00 0 000 00 0 00001 00 0 1000"1 00 0 00001 00S221 0 00001.00 0 ~447-02 0 21 -02 C 24451-0 0 21 -02 0 14..1-02 0 242-02 0 211-02 0 14471-02 0 4610
12 0 147S -0 0 24 -00 7-2 0 70-02 0 470402 710 24691-3 49-02 0 649t-;002 1491-20 4-02
23 0 24731-0 02741-08 0 146M1-02 0 2741 -02 0 A4704 -0Z 0 24711-08 0 14741-0W 0 14 r11-02 0 14711-42 2402
A 4 0 247=1-=1 4749-08 244-02 0 240-00 0 14 771-02 0 24741-0" 0 1:741-08 0 14721-02 0 2.71-02 260
I2S 0 2 671-02 0 1470E-02 0 101-02 0 247211-02 0 24771-082 0 21 08g 0W 273.02 04711E-08 0 24?01 -02 C 14671-02
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A.3.2 Test Case II - Brooks Range (Solar Band)

A.3.2.1 Atmospheric Module

Display of input file (Fortran Unit 7) for Brooks Range solar

reflective band.

1) 3 16.76 3.6 4.0
2) 1 1 1 1 0 0 0 23.0

Display of the atmospheric diagnostic output file (Fortran

Unit 6). Selected standard atmosphere is represented parametrically for

5 zenith angles and 6 altitudes. Air masses computed using the Chapman

function.

RESULTS FOR BACKGROUND ALTITUDE - 0 KM

APPARENT REFLECTED SOLAR

OBSERVER

ZA AM PATH RADIANCE PATH TRANSMISSION
0 0 1 C 4 370E-07 8 695E-01

SOLAR
ZA AM REFLECTED SOLAR
O 0 1 0 3 445E-04

48 2 1 5 3 239E-04
70 e 3 C, 2 718E-04
80 8 63 1 969E-04
86 0 12 0 1 026E-04
REFLECTED SOLAR
OBSERVER ZENftTH ANGLE = 0 0

DEGREE OF BEST FIT POLYNOMIAL 4

SUM SQUARE ERROR 3 138E-11

OBSERVER

ZA AM PATH RADIANCE PATH TRANSMISSION

48 2 1 5 6 145E-07 8 150E-01

SOLAR

ZA AM REFLECTED SOLAR
0 0 1 0 3.245E-04

48 2 1 5 3 059E-04
70 8 3 0 2 579E-04
so 8 6 0 1 877E-04
86 0 12 0 9 850E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 48 2
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 5 070E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

70 8 3 0 1 040E-06 t 783E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 2 733E-04

48 2 1 5 2 590E-04
70 8 3 C 2 206E-04
808 6 0 1 630E-0
8 0 12 0 8 711E-05
REFLECTEr SOLAR

OBSERVEP ZEPANITH ANGLE r 70 S
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 6 WQE-11
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OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
80 a 0 1 I10E-OCe 9 475E-01

SOLAR
ZA AM REFLEJTEE =. OEA0
00 IC 4 236E-04

46 Z 1 5 4 214E-04-
70 8 3 0 4 153E-0 '

80 8 6 0 4 042E-04
86 0 12 0 3 B42E-04
REFLECTED SECLAR
OBSERVER ZEr,IT" AIGE = 6: 6
DEGREE OF BES" FIT POLVNCNMIAL 4
SUM SQUARE ERROR 7 071E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANvSMISSION
86 0 12 CZ 058E-OGe c -19E-01

SOLAR
ZA AM REFLE.TED SOLAR
0 0 1 0 4 042E-04

4E 2 1 5 4 025E-04
70 8 3 c 3 975E-04
80 8 6 0 3 882E-04
86 0 12 0 3 707E -04
REFLECTED SOLAR
OBSERVER ZENtTH ANGLE = 6, 0
DEGREE OF BEST FIT POL'NOMIAL 4
SUM SQUARE ERROR 3 683E-11

ZENITh ANGLE SVSEHINE (W/CM**2/SR)

15 3 189E-09
45 4 236E-Oq
7 1 O05E-08

PATH TRANSMISSION
DEGREE Or EEST FIT POL,1NOMIAL 4
SUM SOUARE ERROR 4 832E-12

PATH RA1JIWAPCE

DEGREE Or BEST F- POLVNOMIAL 4
S'JM SQUARE ERROR 5 684E-10
FIT OF SK9-4INE TC ALTITUDE
DEGREE OF BEST FIT POLYNOMIAL 5
St'r SgUARE ERROR 75p_-IO

1-30
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OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSIONS0 8 6.0 i !,/E-06 4 867E-01

SOLAR
ZA AM REFLECTED SOLAR

0 0 1 0 1 991E-04
48 2 1 5 1 896E-04
70 8 3 0 1 640E-04
80 9 6 0 1 -39E-Of
86 0 12. 0 6 B31E-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 80 8
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 5 411E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

86 0 12 0 2 137E-06 - 503E-01

SOLAR
ZA AM REFLECTED SOLAR
00 1 0 1 043E-04

48.2 1 5 1 OOOE-04
70 8 3 0 B 814E-05
80 8 6 0 6 871E-05
86 0 12 0 3 9SOE-05
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 96 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 8 026E-11

ZENITH ANGLE SKYSHINE (W/CM*2/SR)

15 3 894E-07
45 5 187E-07
75 1 228E-06

PATH TRANSMISSION
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 70QE-13

PATH RADIANCE
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 2 81OE-10
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RESULTS FOR BACKGROUN[: ALTITUDE I KM

APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSIPN
0 0 1 0 2 427E-0- P 074E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 3 73BE-04

49 2 1 5 3 579E-04
70 8 3 C 3 16E-04
80 e 6 c 2 534E-04
8b 0 12 0 1 639E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 0 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 5 025E-11

OBSERVER

ZA AM PATH RADIANCE PATH TRANSMISSION
48 2 1 5 3 437E-07 8 677E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 3 586E-04
48 2 1 5 3 440E-04
70 B 3 0 3 053E-04
80 8 6 0 2 453E-04
86 0 12 0 1 595E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 48 2
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 5 957E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

70 8 3 0 5 999E-07 7 635E-01

SOLAR
ZA AM REFLEC" TE D SOLAR
0 0 1 0 . 184E-04

48 2 1 5 3 065E-04
70 8 3 0 2 

7
44E-04

eo e 6 0 2 229E-04
86 0 12 C 1 4-'OE-04
REFLECTED SOLAR
OBSERVER ZE't4ITH AN(;E 70 8
DEGREE OP BEST PI PCyNCMIAL 4
SUM SQUARE ERROR 4 -.

0
E-1
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OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
80 8 6 0 9 612E-07 6 075E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 2 564E-04
48 2 1 5 2 480E-04
70 8 3 0 2 243E-04
80 8 6 0 1.855E-04
86 0 12 0 1.254E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE - 80 8
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 5 957E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
86 0 12 0 1 416E-06 3 891E-01

SOLAR
ZA AM REFLECTED SOLAR
0,0 1 0 16 65E-04

48 2 1 5 1 619E-04
70 8 3 0 1 488E-04

80 8 6.0 1.262E-04
86 0 12. 0 8 86SE-05
REFLECTED SOLAR
OBSERVER ZENITH ANGLE = 86 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 5 707E-11

ZENITH ANGLE S&gYSHINE (W/CM**2/SR)

15 2 234E-07
45 2 994E-07
75 7 330E-07

PATH TRANSMISSION
DEGREE OF BEST FIT POLYNCMIAL 4
SUM SQUARE ERROR 013E-12

PATH RADIANCE
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 2 146E-10
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RESULTS FOP BACKGROUND ALTITUDE = W
APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
0 0 1 0 1 323E-07 9 330E-01

SOLAR
ZA AM REFLECTED SOLAR
0 O 1 0 3 943E-04

48 2 1 5 3 819E-04
70 e 3 0 3 493E-00
80 8 a 0 2 976E-04
86 0 12 0 2 189E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 0 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 3 638E-11

OBSERVER

ZA AM PATH RADIANCE PATH TRANSMISSION

48 2 1 5 1 885E-07 9 036E-01

SOLAR

ZA AM REFLECTED SOLAR
0 0 1 0 3 827E-04

48 2 1. 5 3 712E-04
70.8 3 0 3 403E-04
80 8 6 0 2. 908E-04
86 0 12 0 2 147E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 48 2
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SOUARE ERROR. 7 026E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
70 8 3 0 3 360E--07 8 242E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 3 514E-04

48 2 1 5 3 418E-04
70 8 3 0 3 155E-04
80 8 6 0 2 718E-04
86 0 12 0 029E-04
REFLECTED SOLAR
OBSERVEn ZENNITH ANGLE = 70 8
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SGUARE ERROR 5 957E-11
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OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
80 8 6 0 5 558E-07 999E-01

SOLAR
ZA AM REFLE7TE SOL4

0 0 1 0 3 011E-04
48 2 1 5 2 9139C-04

70 8 3 0 2 735E-04
80 8 6 0 2 387E-04
86 0 12.0 1 817E-04
REFLECTED SOLAR

OBSERVER ZENNITH ANG.E = 80 8
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 7 026E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
86 0 12.0 6 696E-07 5 ISE-01

SOLAR
ZA AM REFLECTED SOLAR
00' 1,i0 2,-"226E-04

4E 2 1 5 2 181E-04
70 8 3 0 2 05SE-0
80 8 6 0 1 829E-04
86 0 12 0 1 436E-04
REFLECTED SOLAR

OBSERVER ZENNITH ANGLE = 86 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SGUARE ERROR. 6 639E-11

ZENITH ANGLE SKYSHINE (W/CM**2/SR)

15 1 248E-07
45 1 677E-07
75 4 702C-07

PATH TRANSMISSION
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SGUARE ERROR q 237E-13

PATH RADIANCE
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 2 519E-10
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RESULTS FOR BACKGROUND ALTITUDE KM

APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

G C 0 3 BBE-08 q 616E-01

SOLAR
ZA AM REFLECTED SOLAR

O,0 1 0 4. 173E-04

48 2 1 5 40Q4E-04
7C 8 3 C. 3 B82E-04
80 a o 0 3 530E-04
86 0 12 0 2 946E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 0 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 5 707E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
48 2 1 5 5 649E-08 9 441E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 4 102E-04

4B 2 1.5 4 028E-04
70 8 3 0 3 825E-04
80 8 6 0 3 483E-04
86 0 12 0 2 914E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 46 2
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 5 3o -E-ll

OBSERVER
ZA AM PATH RACIAN E -4TH TPANSMISSION
70 8 3 0 1 040E-O- E 51E-O:

SOLAR
ZA AM REFLErTE! .' U.
0 0 1 0 3 908E --r,4

48 2 1 5 3 844E-04
70 8 3 0 3 62E-C4
80 a 6 0 3 350E--04
86 0 12 0 2 8OE-04
REFLECTED SOLAR
OCSERVEP ZENNITH ANGLE
DEGREE OF DEST F!- CL ,OMIA -
SUM SQUARE ERROR 7CE-1:
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OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
so 8 C I 803E-0- 8 145E-01

SOLAR
ZA AM REFLECTED SOLAR
00 1 0 3 574E-04

48 2 1 5 3 522E-0O
'0 8 3 0 3 371E-04
80 8 6 0 1 107E-0

4

86 0 12 0 2 643E-04
REFLECTED SOLAR
OBSERVER ZENNIT- AN;.E = 8C e
DEGREE OF BES7 PIT POLYNOMIAL 4
SUM SQUARE ERROR 3 368E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
86 0 12 0 3 085E-0 6 788E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 3 00E-04

48 2 1 5 2 963E-04
70 8 3 0 2 857E-04
90 8 6 C, 2 663E-04
86 0 12 0 2 305E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 86 0
DEGREE OF DEST PIT POLYNOMIAL 4
SUM SQUARE ERROR 8 527E-11

ZENITH ANGLE SKVSHINE (W/CM**2/SR)

15 3 917E-08
45 5 265E-08
75 1 339E-07

PATH TRANSMISSION

DEGREE OF BEST FIT POLfNOMIAL 4
SUP SQUARE ERROR 222E-12

PATH RADIACE
DEGREE OF DEST FIT POLYNOMIAL 4
BUM SQUARE ERROR 2 028E-10
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RESULTS FOR BACKGROUND ALTITUDE = -

APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

0 0 1 0 " 104E-0
Q 

0 80SE-01

SOLAR

ZA AM REFLECTED SOLAR
00 1 0 4 335E-04

48 2 1 5 4 2-qIE-04
70 8 3 0 4 171E-04
80 a 0 3 9b6E-04
88 0 12 0 3 617E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 0 0

DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 6 639E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
48 2 1 5 1 037E-08 9 721E-01

SOLAR

ZA AM REFLECTED SOLAR

0 0 1 0 4 299E-04

48 2 1 5 4 257E-04
70 8 3 0 4 140E-04
80 8 8 0 3 941E-04
86 0 12 0 3 599E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 49 2
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR S 4elE-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

70 8 3 0 1 938E-0E 9 470E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 4 199E-04
46 2 1 5 4 160E-04
70 8 3 0 4 054E-04
80 a 6 0 3 86SEE-O4
86 0 I- 0 3 543E-04
REFLEC TED SOLAR
OBSERVER ZENITH ANWE = 70 8
DEGREE OF BEST FIT rOLvNOMIAL 4
SUM SQUARE ERROR 79QE-11
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OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

8c 8 6 0 3 465E-08 9 037E-01

SOLAR
ZA AM REFLECTED SOLAR

00 1 0 4 020E-04
48 2 1 5 3 98BE-04
70 8 3 0 3 896E-04
80 B 8 0 3 731E-04

86 0 12 0 3 434E-04
REFLECTED SOLAR

OBSERVER ZENNITH ANGLE = 80 8
DEGREE OF BEST FIT POLYNOMIAL 4

SUM SQUARE ERROR 7 412E-11

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION

86 0 12 0 8 209E-08 8 26E-01

SOLAR
ZA AM REFLECTED SOLAR
0 0 1 0 3 692E-04

48 2 1 5 3 667E-04
7C. 8 3 C 3 595E-04

80 8 6 0 3 464E-04
86 0 12 0 3 21E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = e6 0
DE REE OF BEST FIT POL'NOPIZAL 4
SUM SQUARE ERROR i. 478E-11

ZENITH ANGLE SMYSHINE (W/CM**4/SR)

15 7 880E-0O
45 1 059E-06
75 2 626E-CE

r-ATH TRANSMISEION
DEGREE OF BEST FIT POLYNCMIAL 4SUM cQJARE ERROR

PAT, RADIA",CE

DrGREE_ Or BEST FIT P3LvNOMIAL 4
SIJ SGUARE ERROR 6 74E-l0
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RESULTS FOR BACKGROUNI, ALTITUDE I1' ,

APPARENT REFLECTED SOLAR

OBSERVER
ZA AM PATH RADIANCE PATH TfASMISS'ON
0 0 1 C 2 162E-O 9 4OOE-0

SOLAR
ZA AM REFLECTED SO,.AR
O 0 1.0 4 411E-04

46 2 4 3S3E-0'
70 a 3 0 4 306;-04
80 8 6 C 4 175E-04
86 0 12 0 3 948E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE 0 0
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 6 29eE-Ii

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
48 2 1 5 3 147E--09 9 e54E-01

SOLAR
ZA AM REFLECTED SOLAR
00 1 0 4 392E-04

48 2 1 5 4 364E-04
70 8 3 0 4 290E-04
S0 8 6 0 4 161E-04
86 0 12 0 3 937E-04
REFLECTED SOLAR
OBSERVER ZENNITH ANGLE = 48 2
DEGREE OF BEST FIT POLYNOMIAL 4
SUM SQUARE ERROR 5 025E-l1

OBSERVER
ZA AM PATH RADIANCE PATH TRANSMISSION
70 a 3 0 5 995E-O 9 '19E-01

SOLAR
ZA AM REFLECTED SOLAR
00 1 0 4 337E-04

48 2 1 5 4 312E-04
70 8 3 0 4 242E-04
80 8 6 0 4 120E-C,4
86 0 1. 0 3 905E-04
REFLEC TED SXAR
OBSERVER ZENNITH AN.E ; 70 8
DEGREE or BEST FIT PO,-NOMIAL 4
SUM SQUARE ERROR 4 729E-11
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Display of the atmospheric module output data base (Fortran Unit 5).
Header (Line 1) contains parameters used to generate the database. Lines
2-44 contain the coefficients of the polynomial curve fits to the computed
atmospheric values.

PRSCRA>DRAPER',AM, ATMSPH' GUT2 MON DCC 20 19!' :' 04 48 PACE I

1) 3 60 4 00 ' I 1 1 1 3 3 3 23 00
21 6 4 0 -3 46284E 00 -1 11549E-01 -2 6l007E-01 2 [O406E-01 -2 83901E-01
3) 6 4 0 -3 40B78E 00 -1 05400E-01 -Z 58260E-01 Z J 9;,,1,9E-01 -2 79991E-01
4) 6 4 0 -3 56340E 00 -9 03640E-02 -2 71626E-01 2 '.I;IoUE-0 -2 94428E-01
5) 6 4 0 -3 70089E 00 -8 39613E-02 -2 37777E-01 2 2'b;15E-01 -2 81483E-01

6, 6 4 0 -3 98170F GO -' 10444E-02 -2 19036E-01 " :,0.4/2E-01 -2 77924E-01
7) 6 4 0 8 69542E-01 -2 60930E-01 -2 65659E-01 -8 Vr:unE-02 5 77305E-02

8) 6 4 0 -6 359561 00 8 61341E-01 -9 08967E-02 -1 /'U;'OE-01 3 44700E-02
9) 6 4 0 -3 42735E 00 -8 04749E-02 -I 69492E-01 I '6608E -01 -1 72303E-01
10) 6 4 0 -3 44540E 00 -7 53176E-02 -1 72297E-01 30b2'E-0 -1 73307E-01
11) 6 4 0 -3 4969'E O0 -. 85144E-02 -1 60587E-01 I ,W307E-01 -1 68979E-01
12, o 4 0 -3 59112E 00 -5 73153E-0.1 - 61956E-01 1 10 /,/-01 -1 75301E-01
13) 6 4 C, -3 77850E 00 -4 63821E-02 - 48690E-01 I /W)O.E-01 -1 74559E-01
14) 6 4 0 9 073898-01 -1 82809E-01 -2 39290E-01 -8 90W6bE-03 -2 34240E-02
15) 6 4 C, -6 61501E 00 8 a2224E-01 2 60056E-02 -2 /614E-01 1 13052E-01
16) 6 4 0 -3 40422E 00 -5 92082E-02 -1 19595E-01 8 06';'6E-02 -1 13653E-01
17) 6 4 0 -3 41717E 00 -5 64910E-02 -1 16914E-01 7 710/E-02 -1 11416E-01
19) 6 4 0 -3 45422E 00 -5 03290E-02 -i 10285E-01 7 ;19641E-02 -1 09029E-01
19) 6 4 0 -3 52126E 00 -4 34176E-02 -1 03583E-01 7 A63XIE-02 -1 07711E-01
20) 6 4 0 -3 65249E 00 -3 67537E-02 -8 60774E-02 7 05191E-02 -1 02794E-01
21) 6 4 0 9 32966E-01 -1 32491E-01 -1 98621E-01 2 :49440E-02 -5 71700E-02
22) 6 4 0 -6 87e59E 00 8 68891E-01 8 78490E-02 -3 49367E-01 1 60348E-01
23) 6 4 0 -3 37959E 00 -3 63487E-02 -6 37638E-02 3 434-37E-02 -5 98221E-02
24) 6 4 0 -3 38702E 00 -3 39838E-02 -6 58790E-02 3 687P9E-02 -8 02250E-02
25) 6 4 0 -3 40807E 0 -3 05594E-02 -6 32523E-02 3 V,79)0E-02 -5 92027E-02
26) 6 4 0 -3 44682E 00 -2 61577E-O -b 40165E-02 4 V,3933E-02 -6 30544E-02
27) 6 4 0 -3 52294E 00 -2 15654E-02 -5 45116E-02 4 28i98E-02 -6 02340E-02
28) 6 4 0 9 61633E-01 -7 54867E-02 -1 45628E-01 6 43t140E-02 -8 33460E-02
29) 6 4 0 -7 41026E 00 9 16719E-01 8 13844E-02 -3 54554E-01 1 92884E-01
30) 6 4 0 -3 36300E 0 -2 01413E-02 -3 1481BE-02 1 ;'12578E-02 -2 63735E-02
31) 8 4 0 -3 36662E 00 -1 85577E-02 -3 48747E-02 1 75160E-02 -2 85512E-02
32) 6 4 01-3 37687E 00 -1 88745E-02 -2 34980E-02 2 51996E-03 -2 16529E-02
33) 6 4 0 -3 39579E 00 -1 46855E-O -3 12327E-02 I 80983E-02 -2 8778E-02
34) 6 4 0 -3 43270E 00 -1 11985E-0 -3 24670E-02 2 607971E-02 -3 20424E-02
35) 6 4 0 9 80845E-01 -3 73178E-02 -7 66054E-02 3 ,5653E-02 -5 41863E-02
36) 6 4 0 -8 14853E 00 9 27078E-01 7 88673E-02 -3 07176E-01 I 73919E-01
37) 6 4 0 -3 35543E 0 -1 24087E-02 -2 09358E-02 9 43/'8.E-03 -1 64875E-02
38) 6 4 0 -3 357348 00 -1 24081E-0 -1 83024E-02 5 60330E-03 -1 47448E-02
39) 6 4 0 -3 36282E 00 -1 0387bE-02 -2 29223E-02 1 34/8E-02 -1 81711E-02
40) 6 4 0 -3 37303E 00 -1 05441E-0Z -1 31133E-02 7 4'11,5E-04 -1 23970E-02
41i 6 4 0 -3 39343E 00 -7 94391E-03 -1 57100E-02 8 1;'146E-03 -1 54522E-02
42) 6 4 0 9 90024E-01 -1 96063E-O -4 02397E-02 I 9691E-02 -3 31941E-02
43) 6 4 0 -8 66506E 00 9 04792E-01 I 72356E-01 -3 38503E-01 1 67636E-01
44) 7 5 0 -5 68091E 00 4 54502E-01 -8 34379E 00 2 11032E 01 -2 63076E 01 1 11020E 01
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A.3.2.2 Geometric Module

Case II is also a nadir view and a new geometric run is not
required.

A.3.2.3 Radiance Module

Display of user specified input file (Fortran Unit 5).

1) 3 9 1 1981 2210.
2) 3.6 4.0 16.76 -149.5 67.70
3) 0. -149.5 67.78
4) 100 100
5) 286. 280.
6) .0025 .0025

Display of run time diagnostics and statistics output file
(Fortran Unit 6).

ZENITH ANGLE OF SUN (DEGS): 59.4
ZENITH ANGLE OF OBSERVER (DEGS): 0.0

IN-BAND DIFFUSE REFLECTANCES
BAND (MICRONS): 3.6

TO 4.0

MATERIAL REFLECTANCE

1 0.02
2 0.10

3 0,03
4 0.12
5 0.14
6 0.43
7 0.02
8 0.15
9 0.12
10 0.16
12 0.18
13 0.09
14 0.04
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RESULTS OF CURVg FITS TO
ATMOSPHERIC VALUES VS' ALTITUDE
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE =0.0 KM

DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 7. 45BE-11
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE = 1. 0 KM

DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 5. 707E-11
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE = 2. 0 KM
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 6. 639E-11
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE = 4. 0 KM

DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 4. 729E-11

REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE = 7.0 KM
DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 3. 683E-11
REFLECTED SOLAR VS OBSERVER POSITION
ALTITUDE = 10. 0 KM

DEGREE OF BEST FIT POLYNOMIAL: 4
SUM SQUARE ERROR: 4. 729E-11

REFLECTED SOLAR
D)EGREE OF BEST FIT POLYNOMIAL: 5
SUM SQUARE ERROR: 1. 050E-10

PATH TRANSMISSION
DEGREE OF BEST FIT POLYNOMIAL: 5
SUM SQUARE ERRO~R: 2. 544E-12

PATH RADIANCE
DEGREE OF BEST FIT POLYNOMIAL: 5
SUM SQUARE ERROR: 1.074E-09

3-43



APPARENT REFLECTED SOLAR (W/CM**2/SR)

MATERIAL MEAN SDEV MIN MAX
8 9 512E-06 e 062E-06 0 OOOE-01 1. 7:3F -05

APPARENT REFLECTED S.YSHINE (W/CM**2/SR)

MATERIAL MEAN SDEV MIN AX
8 2 037E-07 2 911E-0B 1 405E-07 ',/- 07

APPARENT THERMAL RADIANCE (W/CM**2/SR)

MATERIAL MEAN SDEV MIN MAX
8 6 989E-06 1 003E-06 5 628E-06 9. R',,5- -06

APPARENT PATH RADIANCE (W/CM**2/SR)

MATESIAL MEAN SDEV MIN MAX
8 2.658E-07 3 BILE-08 1 812E-07 3. 20E -07

SURFACE TEMPERATURE (K)

MATERIAL MEAN SDEV MIN MAX

8 2.823E 02 3 006E 00 2 779E 02 2 900, 02

APPARENT SCENE RADIANCE (W/CM**2/SR'

MATERIAL MEAN SDEV MIN MAX
8 1 515E-05 8 637E-06 1 354E-O6 P, t;'I1 05

DIFFUSE OR BI-DIRECTIONAL REFLECTANCE

MATERIAL MEAN SDEV MIN MrAX
8 1 520E-01 0 OOOE-01 1 520E-01 1;'0' 01
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ASCII display of d portion of the binary radiance map output file
(Fortran Unit 17). One third of the scene (leftmost portion) is shown.
Columns 1-10 are uniformly zero (the field of view extends beyond the
edge of the scene) and are not included.

1£ 12 I £4 |6 7 is 20

0300" 00 C OC 00 0 0000 E C. 00004 00 0 0000: 00 C 0O00 00 0 00001 00 C 00C,1 O 0 006 06 C 000C.4 PC
CO W0 00 ' COMEI 00 0 00D0£ 00 DOO0E0 0 000 DC L 000OO 0 0 000CC 00 C OO0 0 0 000G4 OC 0 00 01

C 0000E 00 0 00001 00 0 OO( OC. 00O00E 00 0 0000: 00:, OOOO 00 r 0000 OCC COME 00 0 OOO 00 0 00001 OC
C oOO 00 C 00%1 00 0 OC-1 07- C. OME 00 0 OOO 0OC 

,  
OOO E 00 G O OCC OOOCE 00 ( C. O0 00 0 OOOC OC.

r OOC 00 0 0000! 00 0 OOG0 O C OOOOI 00 0000: 0,9 0 00001 00 0 00001 00 C OOO0 C0 0 006 O6 C, 0000 OC
0 C, DOE C 00 . 00it 00 0 0O0A OC ' OMEC 00 0 0000: 00 C 0OOO 00 0 Wo lC 01 0.o 00 00001 00 , 0r00C Eo

0004 C0 C0 00 C O 00OOO 00 0 O o00 0 0000 00 C O CCO OZ. C 000 00 0 0ow)" 00 0009 o
* C 000C 00 C OOOi 00 0 0003 00 C. 0000 00 0 OOOO 00 0 00004 00 0 OOOO 00 0 0000M 00 0 0000 0 0 0 00004 CC

C 0"0" 00 C 00001 00 C 00 E 00 C OOCOC 00 0 0OO.r 00 0 OOO 00 0 00O04 00 C. 0OOOE 00 0 OMOE 00 C Wo(of 00
o 030CC 00 03000 0O C 06631 OC '. 00001 0 0 000. 00 0 00001 00 C 0000 C 0 W0C 00 0 00%1 00 0000 00

I1 I '3004[ 0O C3 3X0 CC. W .OCE 0' '. OOOO 00 0 600. 00 (. 0O 00 C O 00C. 0030( O C, 30 01 OC. C 700A OC
Ie ;Z 23844-04 23014-0- 0 2304C-04 C 2204 -04 0 2394

( 
-0. 0 2 24-0 -0 2"-0-04 C i204E --c C 2"41 -04 C 2386-.

12 C 100 00 23f4t- 0 230"-04 C. 2269-04 0 Z3891 -04 0 23269-04 C 23269-04 03. -04 C. 2384E-04 C 23646-04
2 3 C _ 04 226A4OA 0 23011-0 1. 236'P-04 237-04 C 22670-04 0 2 -04 22174-04 0 22224-04 C 2164-04

1 0 00004 00 . 24M-04 C 23614-04 C 22 -~04 0 301-0- 0 2381-04 C 3K-0 0 23641-040 2"511-04 ?38.1"-d
£4 00004 00 0 230t-04 0 23290-04 C 239 -04 0 .30-04 0 23695-04 C 2341-04 0 23"t-04 0 254i-04 C 2386E-04
I' O00 00 0 231-04 0 239-04 C 23"K -04 0 2394- 04 6 f 04 C 2324 -00 23M -04 0 a21- 23994-04
£- 0000 0 2 61C .04 o 232e6-04 0 23t-64o 0 23.,-04 0 23m64-0 0 22317g-04 0 23w04 C a3 64 0 3m-04

C 00001 00 3 22691 -04 0 2394t-0 0 Z3867-04 0 261 -04 0 23M0-04 0 2Z94-04 0 2360-04 0 ZM910-04 C 239K-046
I C 0000w 00 C 216S-04 0 2360n-04 0 231-04 0 239W-06 0 23914-04 0 23190-04 C 231-04 0 27"M4-04 C 2390[-06
2£ C 0000- 00 , 2]f!-04 0 2349-04 0 23"9-04 0 239"6-04 0 22M-04 0 2ION-04 0 22-OC-04 0 23909-04 C n2t2 -

0 4

2 C 30001 00 0 23009-04 0 22694-04 " 2369-04 0 ;31 -04 0 22 61-04 0 2306-04 C. 2390-04 C0 2291 -04 C 2"0-0CA
22 C0000M 00 . 2M140 0 2264-04 0 236"-0& 0 23114-04 C 22694-04 0 239M-04 C 22" -04 0 22644-04 0 226@-0-

3 C 0000 20 6- C 21-4-04 4 0 2 C 21-0 0 22 -
J

-04 0 2241-04 0 23606-04 G 2219-04 C. Z34-04 0 237ft-04
2- L '00! 00C 22-4-04 C 22694-04 C 2366E-04 0 .244E -04 0 2366E-04 C 2637-04 c 23169,-04 0 a2yt-O4 i 236.-04
i : 0 O 00 C3ft6-04 0 23' -0-4 C 236M-04 0 Y261-04 0 22491-0- 0 23674-04 0, 2146-04 0 2264-04 C0 232I6-042 .01£0 00 C 22644-04 0 22024-04C 22614-04 0 299F-04 0 22896-04 0 a3§71-04 C 9294-04 0 23941 -04 0 83644-04

2 V004 00 S 2)644 -04 0 23 '4-04 " 22646-04 0 Z2641-04 0 223694-04 0 23871-04 C ;3"-04 0 an"94-04 a ne614-04
29 C. 0000 00 C 2230t-04 0 23071-0- C 23649-04 C 2314-04 0 23M4-04 C 2267F-04 C 22OS-04 0 MIR54-04 0 2 ME -04

2- 0004A 00 C.3@gt4-04 0 2344-S04 022661-04 C 2231K-0- 0 22671-04 C 23674-04 C 2304-04 0 2:26t-04 0 22644-04
30004o 00 0 -22M-0- C 23464-0' 239%-04 0 '2696-04 0 22644-04 0 23644-04 0 22616-04 0 22646-04 0 2334-0-

1: 100CC 00 C. 2=1-04 0 2366C-04 C 22694-04 C 2260-04 0 237-06 0 23074-04 0 24K-04 0 22654-04 0 22614-04
3; 0OM 00 C, 2)344-04 . 2306:404 C. 2304E4-04 0 22634f-04 0 2264-04 C. 234E-04 0. 230"-04 0 365-04 C 236"1-04

3O00 C ;.1604-04 23' -04 0 .266W-04 0236M1-04 0 23049-04 0 2341I-04 0 2"W5-04 0 23610-04 022MM1-04
7001 00 C . 2104 0 23M _-04 C, 23624-04 C 23644-04 2 22646-04 0 23W4-04 ; 239%-04 0 Z264-04 C 73314 -04
Doo0r 00 345t-04 0 224169- C 22691-04 0 Z3894-04 0 22694-04 0 2361-04 C 22694-04 0 M9C -04 0 2305t-a-

3e C. COC 00 C%% 22 -04 C 22694-,4 C 22694-04 0 .1390.-04 0 2264-04 0 2264-04 C R2611-04 C 23654-0 0 213S-04
37 3001O 00 C232 -4 0 2321-04 C 22641-04 0 Z22671>04 0 2261- 04 0 2304-04 C. 2304-04 C 43641-04 0 230M -04

4M C 00M 00 C ~d 2 O'C C. 241-04 . 2261-04 0 226104-04 0, 22644-04 0 23M6-04 C, ;2691-04 C 2200t -04 0 23001-04
34 MOot' 00 C34 -:60 C "29-G C3694-04 0. 144£V-04 0 22534-04 0. 23644-04 c amw4-o4 c Z1 26-04 c 239-o
4C ' 300 00 C .3K.1 64 C 23O'4-C.4 C,2301-04 0 C166n-04 0 229-04 0 23301-04 C 23$

4
7f-04 0 Z2944-04 C. 23614 -04

.4 4 '00 00 22.364-04 C 236,4-04 C.2264-04 0 2301-06 0 22614-04 0 a364-04 0 239K4 04 C 23444-04 C .361 -4
'03001 00, c. ;.%.t I, 2304f -0- 6C "0 236 341 -04 2 264 -04 0 24 0 2 -04 C Z001-C:' 23" 22 -04 C 21651-C.'

4 3-004 0( 0 -14- C 2 34 If- 4 - G 32- 0. 0 I264W-04 C 22624 C 238144-04 C "4 2 C1404 a3260-04 C.161-0-
'C ' l0f 00 .34 :,o1.- C ale41 -04 C 36 -04 C 'Sl 04 C. 36N-0- C. 2X624-04 M 0:94 -7- 229 -0 .064-

40 - .X0 0 M!CAC 31 -- VM X.9 - -26-04 C. £'*'(1 C 223X - 6 5 -0 2 364f-0 4 C 21111M -04 0 Z& -- 29S -C.4

4 *3001 07, . l.C-1'C24' 2304t-0. C X41t 4 2304f4-04 C -lba- 'd . VMS -14 . 24-0. 0044-
11 o 0004C .167c -0' C 216'4- .7391 -- I 241 .7 - 024- C' 21644 -0- C W "a -40- 23894-04 C.3831a-0-
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11 '2 1:3 14 C 16 17 Is 29 20

91 OO0000 00 c 2601-0.. C 2383E-04 C2364E-04 0 23042-04 G 23831-04 C 23610 C 2341-04 c 2363M-04 '2)621-04
S2 G, 000 00 c E3010 C ''12 3 -04 0 2:641- 04 C 2381E -04 C 2362...10" 23004 C39-4:28 380f-:04 0 23601-- 0 2362E-04
52 0 00100 C 2365-0 029104029-4 03 239-0 0 3 -0& r 2367t-D* C 230%-04 0 2736104 C 238 L,-04

40000100 E 4-04 0 223E4-04 0 237"1-04 0 L36_O-0 0 22610 266-* 23610 324 320
55 0 00001 00 C 23W4-04 0 2394E-0- 23641-04 0 2364F-04 0 23641-E 0 2384-0 ! 341 C-0- 0 2391E0 C 2610

55 00001 00 C 2364E-04 C 23641-04 23641-04 0 -- ASE -04 C 23621-04 C 2304E-04 C 23041-04 0 23841-04 0 23641-04
5' 0 00001 00 C23.91-04 0 23641-E 0 2364E1-04 0 23601-04 0 2386:104 0 236-04 0 236~-04 0 C365104 0 23W4-0
26 0 00001 00 C:360f-0 0D 23611-04 C 2384E-06 0 2365E-04 0 236510: 0 2304 -0& 0 2365-04 0 2365E-04 0 23651-04
39 0 00001 00 ME 23 -04 0 230S1-04 C 23601-04 0 2360E-04 0 236-04 0 23621-04 0 23W5-04 0 WG651-04 0 23621-04
"C C 00006 00 23SIE-04 0 2'36)1-0 238M1-04 0 23641-04 0 2361-04 C 23621-04 0 2302E-"04 23621-04 0 232E-04
:c C 0000C 00 C.2 10 .1 29-04 23621-04 0 ;! -0 a, 23690 ' -36M-04 0 239)E-04 0 23M3-04 C 23611-04

2 ,0000[ 00 2lf365-OS, C 236-f -04 C23621-04 0 23601, -04 023651E- 04 G 085E1-04 0 2333E-04 0 23961 -04 C 2364-04
3000000C23M0-"4 0 2390E-04 C, 23651-04 0 23641 -0- 0 23641-04 G 2366 -04 0, 236K1-04 0 2391-04 0 23961-04

63 0 00001 0 23661-04 0 22991.04 C 23901-04 0 2390E-04 0239M1-04 0 23001-04 0 23WI1-04 0 23-3E-06 0 2367-0
44 0 00001 00 C 23"71-04 0 2396E-0' 0K 7-04 0 23671-04 0 239M1-04 0 Z3f-04 0 23"E-04 0 23911E-04 0 236M1-04
4' 0 0000 00 0 2 3WE1-04 0 23641-0 0 23651-04 0 22691-04 0 23691-04 0 23661-04 0 2396-04 0 23971-04 0 2297E-04
46 0 00001 0 0C 23641-04 0 23079-0. 0 2387E-04 0 23901-04 0 23801:04 0 23010-04 0 23901-04 0 2392C944 0 22951-04
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